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_ PREFACE. 

The aim of this.book is to clear tip ideas regarding the mechanical 
appliances used in the chemical and metallurgical industries, to 
expose the real importance of the nmchines used .in the various 
processes and to get rid of the obscurities prevailing at present in 
these matters. I hope that this treatise will fill a deeply felt want, 
as there is only one book on the market, along similar lines, viz., 
Parnicke's well-known German work. 

I have treated with great detail all the prominent types of ma¬ 
chines, which are of interest to the industrial chemist and metal¬ 
lurgist. The subject, however, being so wide, proper selections had 
to be niade—as always in such cases—according to my judgment 
and e?cperience. 

Holding the view that that man will be the best judge of a group 
or class of things who is familiar with the highest standard and 
best type of same, I have described in every chapter the best respec¬ 
tive machines on the American market. I hope that in this respect 
the chapters on transportation of gases, liquids and solids, on grind¬ 
ing, mixing, filtering, concentrating, drying, firing, etc., will give 
considerable enlightenment to readers interested in these subjects. 

The chapters on power have been treated from a more general 
point of view. As to steam power, I have not gone into detailed 
description of steam boilers and steam engines, but have mainly 
dwelt upon the requirements of a perfect steam boiler and the care 
of boilers. However, regarding superheated steam, turbines, and 
especially gas power, I have said everything that is of interest to 
the chemical and metallurgical engineer. 

Another object of this book is to impart such information as to 
make buyers of machinery independent of the talking points ” of 
•the salesman. The buyer, being familiar with the best types of 
machines, will easily see if any essential details are lacking in a 
machine offered to him. 

I also hope that this book will prove highly useful to the student, 
analytical chemist and to the mechanical engineer connected with 
the chemical industries, as also to manufacturers, superintendents 
and purchasing agents in general. Oskar Nagel, Pii.D. 

New York, 

November, 1908." 
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CHAPTER L 


GENERAL. 

Covering and Packing. The loss by radiation from unclothed 
pipes and vessels containing steam is considerable, and, in the case 
of pipes leading to steam engines, is magnified by the action of the 
condensed water in the cylinder. It therefore is important that 
such pipes should be well protected. 

There is a wide difference in the value of different substances 
for protection from radiation, their value varying nearly in the in¬ 
verse ratio of their conducting power for heat, up to their ability 
to transmit as much heat as the surface of the pipe will radiate, 
after which they become detrimental, rather than useful, as cover¬ 
ing. This point is reached nearly at baked clay or brick. 

A smooth or polished surface is of itself a good protection, 
polished tin or Russia iron having a ratio, for radiation, of 53 to 
100 for cast iron. Mere color makes but little difference. 

Hair or wool felt, and most of the better non-conductors, have 
the disadvantage of becoming soon charred from the heat of steam 
at high pressure, and sometimes from taking fire therefrom. 

Mineral wool, a fibrous material made from blast furnace slag. 



Fig. I. Covering. 


is the best non-combustible covering, but is quite brittle and liable 
to fall to powder where much jarring exi.sts. 

Air space alone is one of the poorest of non-conductors, though 
the best owe their efficiency to the nuirierous minute air cells in 
their structure. This is best seen in the value of clififerent forms 
of carbon, from cork charcoal to anthracite dust, the former being 
three times as valuable for this purpose, though in chemical consti¬ 
tution they are practically identical. 
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Any suitable substance used to prevent the escape of steam heat 
should not be less than one inch thick. 

Fig. I shows a sectional magnesia covering made by the Crane 
Co., Chicago, Ill. These coverings come in regular lengths of 
three feet; they are canvas covered and have two sheet-iron bands 
to each length. 

For covering steam pipes, boilers, heaters, etc., asbestos cement 
felting is frequently used. This covering is composed of asbestos 
fiber combined with other non-conducting materials and makes a 
light, non-combustible and durable covering. It is put up in barrels 
dry to be mixed with water to the consistency of mortar and is ap¬ 
plied with a trowel. 

An everyday operation is the packing of stuffing boxes, a great 



Fig. 2. Morris Metatxtc Packing. Fig. 3. Spiral Packing. 


variety of suitable products being on the market for this purpose. 
” Fig. 2 shows the Morris metallic packing for reciprocating piston 
rods and stems which is so constructed that while it holds both 
vacuum and steam pressure, it insures a minimum of friction, from 
the fact that the wedge principle is entirely eliminated. This pack¬ 
ing is automatically lubricated by the cylinder oil carried over by 
the steam through the sectional rings to the bearing surface. 

Fig. 3 shows a spiral packing which is made to meet a demand 
for a cloth and rubber packing for medium and low pressure steam 
and is especially adapted for use in connection with metallic rings 
where the service is against saturated steam. 

A satisfactory packing for engines using superheated or satu- 
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rated steam is the Duval metallic packing- sliow'n in Fig, 4, which 
consists of a mass of fine composition wire plaited into square form. 
Each individual wire is coated with anti-friction metal. No special 
form of stuffing box is required for this packing, which is flexible 
and readily bent around a rod or plunger. 

For packing pipes, gaskets made of rubber, asbestos, copper, etc., 
are used. Fig. 5 shows a metallic gasket consisting of thin sheet 
copper stamped with concentric corrugations. Three to six corru¬ 
gations are all that are necessary, so that the space within the bolt 
holes determines the width of the gasket. In cases where the 
flanges are thin and for this reason liable to bend when the bolts 



Fig. 4. Duval Packing. Fig. 5. Metallic Gasket. 


are tightened, it is advisable to extend the copper gasket to the full 
width of flange. This width of course requires the cutting of bolt 
holes in the gasket. Connections made with these gaskets will not 
blow out in continued use, for each corrugation makes the entire 
circle of the flange, and so long as the contact is kept complete by 
compression, the joint cannot leak. 

In long pipe lines through which 
hot liquids or gases are conveyed 
expansion joints have to be inserted 
at certain distances, about every 
three hundred feet, for equalizing 
.the expension caused by the heat. 

Fig^. 6 shows a Wainwright ex¬ 
pansion joint which is largely used 
for superheated steam. These ex¬ 
pansion joints which are manufac¬ 
tured by the Alberger Condenser Co., of New York, are very com¬ 
pact, being no larger than the diameter of the flanges of the pipe 
in which they are inserted; they are entirely free from leakage and 
so made that they can be readily covered with a xion-conducting 
material to prevent radiation of heat. 



Fig. 6. Expansion Joint. 
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This expansion joint consists of a main corrugated tube of soft 
copper, an inner cylindrical slip tube of hard copper or composition, 
external and internal equalizing rings of cast iron, and connecting 
flanges of cast iron or steel. The function of the corrugated tube 
is obvious. It withstands the internal pressure and makes an abso¬ 
lutely steam-tight connection from one end to the other. The 
equalizing rings are used to limit the movement of the corrugated 
tube in any one convolution and to cause all of the latter to assume 
their part of the travel. In this manner not only is a very effective 
result obtained, but the durability of the device is also assured. 

Pipe lines for hot or cold pressure water, acids and lyes are pref¬ 
erably made with flanged joints. With lead pipes great lengths 
are soldered together and the flanges reduced to the smallest pos¬ 
sible number. 

Suction lines for cold water are made with screwed joints and 
packed with rubber and asbestos. The packing of distillation and 
extraction apparatus depends upon the material to be treated. 

Cocks and Valves. For interrupting the flow of liquids and 
gases cocks and valves are inserted in the pipe lines. Fig. 7 shows 



Fig. 7. Standard Steam Cock. Fig. 8. Three Way Cock. 


a standard steam cock, Fig. 8 a three-way cock. For strongly acid 
liquids and gases stoneware cocks are used: 

Valves are used to a much larger extent than cocks, as they allow 
a better regulation and a gradual interruption of the flow of liquids 
and gases. 

The sectional view of the well-known Jenkins brass globe valve 
is illustrated in Fig. 9. i is the wheel, 2 the lock nut, y the spindle, 
4 the bonnet, 5 the disc holder, 6 the disc, 7 the waste nut, 8 the 
wheel nut, Q the disc nut and 10 the body. 
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use on cylinder drains and boiler feed lines is illustrated in Fig. i 
These valves do the combined services of stop and check valve 
thereby saving the cost of one valve. 

A valve which is extensively used as water valve, especially 
mines, is shown in Fig. 12. This valve is provided with leather ( 
hard rubber renewable discs, that are easily put in. 

For conditions where stopping or starting is required by oi 
quick movement the lever valve shown in Fig. 13 is to be use 
These valves are also applied for operating steam jet exhauste 
and are very convenient in connection with automatic floats. 



Fig, 14. Automatic Stop Check Valve. 
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Fig. 14 shows the Schutte automatic noiseless stop check valve 
which is inserted in the connection from each iDoiler to the main 
steam pipe to prevent the back flow from the main steam pipe when 



Fig. 15. Balanced Yalve. 


the pressure in one boiler is lower. Such conclition-S always oc 
when starting a fire or when a joint or tube breaks in a boiler ^ 
When the fire under the boiler is deficient or not proper y a - 
tended to the check will indicate that its fire needs attention y a 
slight rattling sound at intervals, caused by the 
charge from the holler to the main steam pipe. By maKin^ 
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check valve a stop check valve it answers at the same time as a 
stop valve, which every boiler must have. 

The fluctuation of pressure in the main steam pipe, caused by the 
automatic cut off of engines, catfses a back-lash against the disc of 
the valve, tending to drive it down to the seat This back-lash is 
absorbed in an upward direction by piston B which is approximately 
the same diameter as the disc, hence the blow is equalized in both 
directions irrespective of positions of the disc. The chamber above 



Fig. i6. Balanced Trip Valve. 


piston B is not a dash pot but simply a cylinder, whereby a constant 
pressure is maintained above, as well as below, the seat. 

Balanced Valves. The object of balancing the valve is to remove 
the strain from the spindle so that its operation can be effected 
quickly and with least effort. 

The construction, of the Schutte valve (balanced) shown in Fig. 
15 is based upon the principle of a loose fitting piston, connected 
directly with the valve disc, whereby the valve is balanced. 
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The operation is as follows: The first movement of the h.and 
wheel opens the bj^-pass and relieves the pressure in cylinder D, 
thus balancing the valve. The piston B is not tight fitting, but per¬ 
mits steam to leak past, as also a portion controlled by plug C. 
The flow then passes through the by-pass and warms up the con¬ 
nections. The steam must enter above the seat. 



Fig. 17. Lead Lined Valve. 


Fig. 18. Precision G.ate V.ali'e. 


Balanced Trip Valves and Trip Throttle Valves. These valves 
are intended as emergency shut-off or engine stop valves and may 
be operated either by hand, or with electric solenoid and push but¬ 
ton, or automatically by governor attached direct to engine. 

The trip valves are used in steam pipe connection to engine and 
are operated independent of the throttle valve. The trip throttle 
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--combine the features of a trip and throttle, thereby avoiding 
necessity of two valv^es. They also have the advantage of being 
"iTinlied daily whereby they are kept in perfect condition; while a 
^G-nrate trip valve may, through lack of attention or use from lime 
:(.V:nie, fail to work when required. 

16 shows a Schutte balanced trip valve provided at the bot- 
tM-ii with a small sleeve F. The valve is locked open by moving 
t::c hand lever up till the catch on same engages with the lever 
o supported on the upright bar. After the valve is open, steam 
pressure acts on the area of the piston F with continuous downward 
force, which causes the valve to close as soon as the catch is re¬ 
leased. A hand lever attached to rod FI, the rod being extended to 
any desired point, will permit the operation promptly and without 
effort. For automatic operation of the valve, the rod H may be 
connected to any suitable mechanism as to the engine governor, to 
direct-connected cylinder operated by air, steam or hydraulic pres¬ 
sure or to electrically actuated devices. 

lug. 17 shows the Schutte lead-lined valve. Every part of this 
valve coming in contact with the liquid is lined with lead. This 
valve, which is widely used in chemical factories, is made in the 
angle form only. When used in a straight pipe line, connection 
lias to be made accordingly. A lead-lined check valve having for 
a check a solid ball made either of earthenware or hard rubber is 



manufactured by the same firm. 

Gate Valves, With these valves the 
direction of the flow is not changed and 
the cross-sectional area not decreased. 
The Schutte precision gate valve shown 
in Fig. 18 is a good illustration for this 
type. 

A valve which is not perfectly tight 
but is frequently used where absolute 
tightness is not required, is the butterfly 


valve shown in Fig. 19. 

"\\ hen it is desired to operate valves from a floor above, the ex¬ 
tension rod and stand, as shown in Fig. 20, may be used. The 
lever or wheel is removed from the valve spindle and attached to 
the top of the extension rod, while the rod is connected to the 
valve by’ a yoke or nut. 
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Gas Reversing Valves. In the industries in which producer 
gas is used as fuel in connection with regenerators, valves are used 
for reversing the current of gas. The old Siemens butterfly valve 
which is widely used, though considerable losses are occurring in 
same on account of leaks, is now being superseded by more modern 
constructions. 

Figs, 21, 22 show a gas reversiixg valve of modern construction 
which is successfully used in a large number of European iron 



works. It has the advantage that it keeps tight for many years, 
does not warp and effects a saving in fuel which in many cases is 
very considerable. 

This valve which is called tlie Fischer valve consists of three 
main parts, namely, an inner cylinder with a wall across; an outer 
cylinder which is made in four compartments with four ribs, and 
the base-plate. 

The inner cylinder a presses by the weight b to the lower face c 
of the upper ring, whereby the upper joint is kept tight. The space 
of play between the inner cylinder and outer cylinder can be made 
as desired and the connection between the two cylinders is made 
by four ribs d, which effect a tight joint on the sides. The four 
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ribs are pressed by the weights e against the inner cylinder. Xhe 
ribs d can be lifted by loosening the bolts i, whereby a connection 
is made from producer to stack for burning out the pipes, etc. Xhe 
lower joint is made tiglit by having the inner cylinder resting- in 




Fig. 21. Gas Reversing Valve. 


sand h on the base-plates. The pieces I prevent a throwing out of 
the center. The inner cylinder rests in ball-bearing o which allows 
easy handling and rests on the button p whereby an absolutely hori¬ 
zontal position of the inner cylinder is effected. 
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The gas current is reversed by turning the valve i8o degrees. 

Steam Traps. For removing condensed water from steam pipe 
lines steam traps are used, their construction being based upon one 
of the following principles: (i) Expansion of metals by heat and 
contraction of same by cooling; (2) the buoyancy of the liquid col- 



Fjg. 22. Gas Reversing Valve. 


lecting- in a vessel; (3) the use of the weight of the liquid for open¬ 
ing cocks or valves of suitable construction, whereby the water is 
allowed to run off while the steam following is retained. 

The expansion steam trap shown in Fig. 23 and Howland’s im- 
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proved steam trap shown in Fig. 24 are readily understood from 
the illustration; Fig. 25 shows a sectional view of the Jenkins 



Fig. 23. Expansion Steam Trap. 


Diamond trap which is well adapted for places where there is a 
moderate amount of condensation which it is desired to remove 
without waste of steam. It is perfectly automatic and when prop- 



Fig. 24. Howland’s Steam Trap. Fig. 25. Diamond Trap. 


erly adjusted will remain open as long as water escapes, closing 
instantly when steam strikes the plug. 
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In large steam power plants the steam trap shown in Fig. 26 
which is built by the Schutte and Koerting Co., is extensively used: 
The discharge valve V is balanced. The float is a tank F full of 
water and its weight is balanced on the outside by lever and weight 
W. The displacement of water outside the tank float causes the 
float to rise or fall and thus regulates the discharge valve V for 
continuous discharge. The connection between float and balance 
outside is effected through a wire X attached to the guide stem 
by a clamp nut. 

The packing around the wire is not a stuffing box, but contains a 
thread of wool for preventing whistling, when air escapes. 

This nut should never be tightened. The removal of the guide 
box B on top exposes the clamp nut, which secures the wire, and it 
can then be adjusted. The discharge valve complete with lever 
can be removed for examination by removing nuts and uncoupling 
the union of the outlet. 
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STEAM AND WATER POWER. 

Boilers. The boiler is the initial source of steam ])0\ver and 
while not so conspicuous as the engine, is quite as important and 
should be selected with greatest care for life and property, as well 
as the economy of operation, are dependent upon its design and 
construction. Plence, when buying a boiler the quality must first 
of all be considered and then the price. 

The designs of various boilers are too well known to recjuire 
detailed descriptions in this book. 

For the matter of completeness however a tubular boiler is illus¬ 
trated in Fig. 27 and a water tube boiler in Fig. 28. In the tubular 
boiler the gases from the fire pass through the tubes, while in the 
water tube boiler the gases travel around the tubes. In the tubular 
boiler the water surrounds the tubes, whereas in the water tube 
boiler the tubes are filled with water. 

The following data regarding boilers, feed water, and the metlKxl 
of determining the moisture in steam, are taken from the book 
entitled “ Steam,’' published by the Babcock and Wilcox Company. 

The requirements of a perfect steam boiler are: 

1. Proper workmanship and simple construction, the materials 
which experience has shown to be the best being used, so as to 
avoid the necessity of early repairs. 

2. A mud-drum in a place removed from the action of the fire 
to receive all impurities deposited from the water. 

3. A steam and water capacity sufficient to prevent any fluctua¬ 
tion in pressure or water level. 

4. A sufficient water surface for the disengagement of the steam 
from the water in order to prevent foaming. 

5. A constant and thorough circulation of water throughout the 
boiler, so as to maintain all parts at one temperature. 

6. The water space divided into sections, so arranged that, should 
any section give out, no general explosion can occur, and the 
destructive effects will be confined to the simple escape of the con- 
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tents, with lar^e and free passages between the different sections 
to equalize the water line and pressure in all. 

7. A great excess of strength over any legitimate strain; the 
boiler being so- constructed as not to be liable to be strained by un- 




18 APPLIANCES OF CHEMICAL AND METALLURGICAL INDUSTRIES. 


equal expansion, and if possible, no joints exposed to the direct 
action of the fire. 

8. A combustion chamber so arranged that the combustion of the 
gases commenced in the furnace may be completed before the es¬ 
cape to the chimney. 

9. The heating surface as nearly as possible at right angles to 
the currents of heated gases, and so as to break up the currents and 
extract the entire available heat therefrom. 

10. All parts readily accessible for cleaning and repairs. This is 
a point of the greatest importance as regards safety and economy. 



Fig. 28. Watertube Boiler. 


11. Proportioned for the work to be done, and capable of work¬ 
ing to its full rated capacity with the highest economy. 

12. The very best gauges, safety valves and other fixtures. 

As to the care of boilers the following rules should be considered: 

Attention Necessary to Secure Safety. 

1. Safety Valves. Great care should be exercised to see that 
these valves are ample in size and in working order. Overloading 
or neglect frequently leads to the most disastrous results. Safety 
valves should be tried at least once every day to see that they will 
act freely. 

2. Pressure Gauge. The steam gauge should stand at zero when 
the pressure is off, and it should show the same pressure as the 
safety valve when that is blowing off. If not, then one is wrong, 
and the gauge should be tested by comparing it with one known to 
be correct. 
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3. Water Level. The first duty of an engineer before starting 
or at the beginning of his work is to see that the water is at the 
proper height; the only reliable way to do this is by trying the 
gauge cocks. If they do not agree with the water gauge the cause 
is to be learned and corrected. 

4. Gauge cocks and water gauges must be kept clean. Water 
gauge should be blown out frequently and the glasses and passages 
to gauge kept clean. 

5. Feed Pump or Injector. These should be kept in order and 
be of ample size. No make of pump can be expected to be reliable 
without regular and careful attention. It is always safe to have 
two means of feeding a boiler. Check valves and self-acting feed 
valves should be frequently examined and cleaned. 

6. Low Water. In case of low water the fire has to be covered 
immediately with ashes (wet if possible) or any earth that ma}’ be 
at hand. Draw the fire as soon as this can be done without in¬ 
creasing the heat. Neither turn on the feed, start or stop engine, 
nor lift the safety valve until fires are out and the boiler cooled 
down. 

7. Blisters and Cracks. These are liable to occur in the best 
plate iron or steel. When the first indication appears there must 
be no delay in making a careful examination and in removing the 
defective piece. 

8. Fusible plugs, when used, must be examined when the boiler 
is clean, and carefully scraped clean on both the water and fire sides, 
or they are liable not to act. 

Attention Necessary to Secure Economy. 

9. Firing. Fire even and regularly, a little at a time. Moder¬ 
ately thick fires are most economical, but thin firing must be used 
where the draft is poor. The grates have to be kept evenly cov¬ 
ered and no air holes are to be allowed in the fire; the fires are not 
to be cleaned oftener than necessary. With bituminous coal, a 
'' coking fire,’’ i. e., firing in front and shoving back when coked, 
sometimes gives best results. 

10. Cleaning. All heating surfaces must be kept clean outside 
and in, or there will be a serious waste of fuel. The frequency of 
cleaning will depend on the nature of fuel or water. As a rule, 
never allow over one sixteenth inch scale or soot to collect on sur- 
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faces. Hand holes should be frequently removed and surfaces ex¬ 
amined, particularly in case of a new boiler, until proper cleaning 
intervals have been established by experience. 

11. Hot Feed Water. Cold water should never be fed into any 
boiler when it can be avoided, but when necessary it should be 
caused to mix with the heated water before coming in contact with’ 
any portion of the boiler. 

12. Foaming. When foaming occurs in a boiler, checking the 
outflow of steam will usually stop it. If caused by dirty water it 
can be remedied by blowing down and pumping up. In cases of 
violent foaming, check the draft and fires. 

13. Air Leaks. All openings for admission of air to the boiler 
or flues, except through the fire, should be carefully stopped. This 
is frequently an unsuspected cause of serious waste. 

14. Blowing Off. If the feed water is muddy or salty, blow off a 
portion frequently, according to condition of water. Empty the 
boiler every week or two, and fill up afresh. When surface blow- 
cocks are used, they should be often opened for a few minutes at 
a time. Make sure that no water is escaping from the blow-off 
cock when it is supposed to be closed. Blow-off cocks and check 
valves should be examined every time the boiler is clean. 

Attention Necessary to Secure Durability. 

15. Leaks. When leaks are discovered, they should be repaired 
as soon as possible. 

16. Blowing Off. Never empty the boiler while the brickwork 
is hot. 

17. Filling Up. Never pump cold water into a hot boiler. Many 
times leaks and, in shell boilers, serious weaknesses, and sometimes 
explosions are the result of such an action. 

18. Dampness. Care has to be taken that no water comes in 
contact with the exterior of the boiler, as it tends to corrode and 
weaken the boiler. 

19. Galvanic Action. Examine frequently parts in contact with 
copper or brass, where water is present, for signs of corrosion. If 
the water is salty or acid, some metallic zinc placed in the boiler 
will usually prevent corrosion, but it will need attention and renewal 
from time to time. 

20. Rapid Firing. In boilers with thick plates or seams exposed 
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to the fire, steam should be raised slowly, and 
rapid or intense firing avoided. With thin 
water tubes, however, and adequate water cir¬ 
culation, no damage can come from this cause. 

21, Standing Unused. If a boiler is not 
required for some time empty and dry it 
thoroughly. If this is impracticable, fill it 
quite full of water, and put in a quantity of 
common washing soda. External parts ex¬ 
posed to dampness should receive a coating 
of linseed oil. 

22. General Cleanliness. All things about 
the boiler room should be kept clean and in 
good order. Negligence tends to waste and 
decay. 

Heating Feed Water. The feed water fur¬ 
nished to steam boilers has to be heated from 
the normal temperature to that of the steam 
before evaporation can commence, and this 
generally at the expense of the fuel which 
should be utilized in making steam. This 
temperature at 75 lb. pressure is 320"^ F., 
and if we take 60° as the average tempera¬ 
ture of feed, we have 260 units of heat per 
pound which, as it takes 1.151 units to evapor¬ 
ate a pound from 60°, represents 22.5 per 
cent of the fuels. All of this heat, therefore, 
which can be imparted to the feed water is 
Just so much saved, not only in cost of fuel, 
but in capacity of boiler. But it is essential 
that it be done by heat which would other¬ 
wise be wasted. All heat imparted to feed 
water by injectors and “live steam heaters’’ 
comes from the fuel and represents no saving. 

There are two sources of waste heat avail¬ 
able: exhaust steam and chimney gases. Cy 
the former, water may be heated to 200° 
or possibly to 210°, in a well-proportioned 
heater. The feed water is generally forced 



Fig. 29. Tube Heater. 
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through these heaters into the boiler by a pump or injector and is 
heated in passing, by contact with small tubes arranged in the interior 
of the heater, through which the exhaust steam from the engine 
passes. An excellent tube heater, which can be easily cleaned, having 
an extraordinarily large heating surface, is built by the Schutte and 
Koerting Co. (Fig. 29) 

The gases going to the chimney carry oif a large quantity of heat. 
This .may be reduced materially by using a good boiler and by 
careful firing, but is always a considerable item. Some proportion 
of this heat is available for heating the feed water, by what are 
known as economizers, and frequently it may be carried nearly to 
the temperature of high pressure steam, making a saving in some 
instances of 20 per cent. The more wasteful the boiler, the greater 
the benefit of the economizer: but for large plants it is always a 



Fig. 30. Fuel Economizer. 

valuable adjunct. In many cases water heated by exhaust steam 
may be still further heated in an economizer to advantage. 

The standard Green fuel economizer, Fig. 30, which is widely 
used, consists of vertical cast-iron tubes about 4I inches in external 
diameter and 9 feet in length, made up in sets or sections of various 
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numbers of tubes to fill out any width and pressed into top and 
bottom headers. These sections again are assembled side by side to 
any length desired and connected with top and bottom branches or 
access pipes running lengthwise, one at a lower corner of the section 
where the water enters and the other at the diagonally opposite 
upper corner where the water leaves. Both access pipes are outside 
the brick chamber which encloses the economizer sections. The 
waste gases are led to one end of the economizer by the ordinary 
flue and escape from the opposite end to the chimney or mechanical 
draft fan. The feed water is usually forced by a pump or injector 
into the economizer through the lower branch pipe, entering at the 
end of the economizer where the gases leave and emerging from the 
upper branch pipe at the end of the economizer where the hot gases 
enter. The exterior of each tube is kept clean of soot by scrapers 
which travel continually up and down at a low rate of speed. The 
economizer is ordinarily fitted with blow-off and safety valves, and 
thermometers should be placed in the inlet and outlet pipes. A 
space is provided at the bottom of the chamber for the reception of 
the soot which falls from the scrapers. Dampers and by-passes are 
usually so arranged that the boiler plant can always be operated 
even though the economizer be out of commission. 

Superheated Steam. Steam which has a higher temperature than 
that corresponding to its pressure is termed “ superheated ” or 
'' gaseous ” steam. 

The greatest source of waste in an engine is through the conden¬ 
sation of steam by the cooling eft'ect of the cylinder walls, or through 
what is called cylinder condensation. It has been established by 
practical tests that in ordinary single cylinder non-condensing en¬ 
gines using saturated steam, the amount of waste through cylinder 
condensation, with an early cut-off, is from 35 to 40 per cent, of 
the total steam used. 

The best means of partially or wholly preventing this loss is by 
the use of superheated steam. 

The gain through the use of superheated steam is due not only 
to the prevention of loss through condensation in steam pipes, but 
the addition of a certain amount of heat in the steam in the form of 
superheat, before it enters the cylinder, will make up for that robbed 
by the cylinder walls, and cause the steam to remain practically dry, 
at all events up to the point of cut-off. 
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I be |)i inciples on which a superheater should be constructed are 
as follows: 

1. It is necessary to jdace the superheater in a position where a 
suitable temperature is available. If a boiler is working” under 
economical conditions, the difference between the temperature of 
the saturated steam g'enerated by the boiler and of the escaping" flue 
ceases leaving a boiler is not sufficient to superheat the steam to even 
a moderate degree, unless the surface of the superheater is very 
large. Hence, generally s])eaking, a superheater should not be 
placed in the flue between boiler and chimney. On the other hand, 
if placed too near to the boiler furnace, excessive temperatures may 
be attained which would cause damage. 

2. The superheater should be constructed to admit of all its parts 
expanding and ccuitracting freely, without severe strains being put 
on any of the joints, which might cause them to leak; flange joints 
exposed to furnace gases should be avoided. 

3. Provision should be made to protect the superheater against 
overheating when steam is not passing through it rapidly enough 
to carry away the heat supplied by the furnace gases. 

The superheater shown in Fig. 31, which is built by the Babcock 
& Wilcox Co,, fulfils these requirements. It is not subject to the 
immediate action of the fires, as before the furnace gases strike it 
they must pass through the front part of the boiler, and thereby 
come in contact with a considerable area of heating surface. As¬ 
suming the boiler to be used in regular work, and the firing even, no 
great fluctuations in temperature can take place in the amount of 
superheat. Moreover, all parts of the superheater are readily acces¬ 
sible for examination, and if necessary the tubes may be renewed. 
A record extending over many years of service has, however, dem¬ 
onstrated that the superheater requires practically no repairs. 

There are no flanged joints; all the tube joints are expanded. 
Freedom for expansion is provided for by the tubes being free at 
one end, and by the manifolds not being rigidly connected with 
each other. 

Overheating during steam raising is prevented by an arrangement 
for flooding with boiler water, and using the superheater as part of 
the boiler heating surface, while steam is being raised. 

The tubes of the superheater are bent into U shape, and con¬ 
nected a?t both ends with manifolds, one of which receives the 
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saturated steam from the boiler, the other collecting the superheated 
steam after it has traversed the superheater tubes, and delivering it 
to the valve, placed above the boiler. 

The flooding arrangement consists simply of a connection with 
the water space of the boiler drum, and a valve by which, at the 
will of the operator, the water may be made to enter the lower 
manifold and fill the superheater to the boiler water level. Any 
steam formed in the superheater tubes is returned into the boiler 
drum, through the collecting pipe, which, when the superheater is 
at work, conveys saturated steam into the upper manifold. Prior 



Fig. 32. Foster Superheater. 


to opening the superheater stop valve and using superheated steam, 
the water is drained away from the manifolds by the flooding pipe. 

A great number of these superheaters are now in active service, 
and experience has shown that they are both durable and efficient. 

From 100to 150^ F. of superheat is usually provided for and 
It has been found by experiment that even with the most refined 
triple expansion engines, working under ordinary conditions, an 
economy of from 10 to 15 per cent, can be regularly obtained. 
With engines of lower economy, or of slower piston speed, the 
percentage of saving is usually greater. 
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Fig-. 32 shows a Foster superheater, built by the Power Specialty 
Co.; Fig. 33 ail independent superheater of this type. 

Professor R. FI. Thurston in a recent paper before the American 
Society of Mechanical Engineers on “ Superheated Steam,’' arrives 
at the following conclusions : 

1. Superheated steam, as hitherto employed in the steam engine, 
has absolutely no thermodynamic value; that is, it neither raises the 
upper limit of temperature or depresses the lower limit. 

2. Superheating has for its whole purpose and result, in the steam 
engine to-day, the extinction 
or reduction of the internal 
thermal wastes of the engine, 
consequent upon the phenoiue- 
iion known as initial or “cylin¬ 
der condensation.” Here it is 
extraordinarily effective, and 
a small quantity of heat ex¬ 
pended in superheating the 
entering steam effects a com¬ 
paratively large leduction in 
the expenditure of steam in 
the engine. 

3. Superheating is superior to any other known means of reduc¬ 
tion of internal waste. 

4. No trouble need now be found at the engine with sufficient 
superheating under usual conditions of operation, to annihilate 
cylinder condensation. 

5. The more wasteful the engine, the larger the promise of gain- 
by superheating, and small engines will profit by it more than large, 
slow engines more than fast, and single engines more than multiple 
cylinder systems. 

6. The larger the waste to be checked in the engine, the farther 
should the superheating be carried. 

Incrustation and Scale. The presence of scale or sediment in a 
boiler results in loss of fuel, burning and cracking of the boiler, 
predisposes to explosion, and leads to extensive repairs. The most 
common and important substances in boiler scale are carbonate of 
liine, sulphate of lime, and carbonate of magnesia. Small amounts 
of alumina and silica are sometimes found and oxide of iron not 
infrequently is present as a coloring matter. 



Fig. 33. TxnF.PEKDEXT Foster 
Superheater. 
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It is absolutely essential to the successful use of any boiler that it 
be accessible for the removal of scale, for though a rapid circulation 
of water will delay the deposit and certain chemicals will change its 
character, yet the most certain cure is periodical inspection and 
mechanical cleaning. This may, however, be rendered less fre¬ 
quently necessary, and the use of very bad water more practical, by 
the employment of some preventives. The following are a fair 
sample of those in use, with their results: 

Oak, hemlock, and other barks and woods, sumac, catechu, log¬ 
wood, etc., are effective in waters containing carbonates of lime or 
magnesia, by reason of their tannic acid, but are injurious to the 
iron, and not to be recommended. 

Molasses, cane juice, vinegar, etc., have been used with success 
so far as scale is concerned, by reason of the acid which they con¬ 
tain, but this is even more injurious to the iron than tannic acid, 
while the organic matter forms a scale with sulphate of lime when 
it is present- 

IMilk of lime and metallic zinc have been used with success in 
treating waters charged with bicarbonate of lime, before they are 
used for feeding, reducing the bicarbonate to the insoluble carbonate. 

Barium chloride and milk of lime are said to be used with good 
effect at Krupp’s works, in Prussia, for waters impregnated with 
gypsum. 

Soda ash and other alkalies are very useful in waters containing 
sulphate of lime, by converting it into a carbonate, and so forming 
a soft scale easily cleaned. But when used in excess they cause 
foaming, particularly where there is oil coming from the engine, 
with which they form soap. All soapy substances are objectionable 
for the same reason. 

Petroleum has been much used of late years. It acts best in 
waters in which sulphate of lime predominates. As crude petro¬ 
leum, however, sometimes helps in forming a very injurious crust, 
the refined only should be used. 

Tannate of soda is a good preparation for general use, but in 
waters containing much sulphate, it should be supplemented by a 
portion of carbonate of soda or soda ash. 

A decoction from the leaves of the eucalyptus is found to work 
well in some waters, in California. 

For muddy water, particularly if it contain salts of lime, no pre- 
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ventive of incrustation will prevail except filtration, and in almost 
every instance the use of a filter, either alone or in connection with 
some means of precipitating the solid matter from solution, will be 
found very desirable. 

In all cases where impure or hard waters are used, frequent 
^‘blowing” from the mud-drum is necessary to carry off the accu¬ 
mulated matter, which if allowed to remain would form scale. 

When boilers are coated with a hard scale difficult to remove, it 
will be found that the addition of one fourth of a pound caustic 
soda per horse-power, and steaming for some hours, according to 
the thickness of the scale, just before cleaning, will greatly facilitate 
that operation, rendering the scale soft and loose. This should be 
done, if possible, when the boilers are not otherwise in use. 

. Tests for Moisture. In boiler trials it is essential to know the 
quality of the steam generated; whether it is wet, dry, or super¬ 
heated. For many years the standard apparatus for ascertaining 
this was the barrel calorimeter, but this was superseded by the 
throttling calorimeter, an instrument first devised by Professor C. 
H. Peabody, of the Massachusetts Institute of Technology (see 
Journal of Franklin Institute, August, 1888), and which, when 
properly handled and connected, gives results far more accurate 
than can be obtained in any other way. 

There have been numerous forms of this instrument, one of the 
simplest being that designed by Mr. George H. Barrus, of Boston, 
which is described below: 

Steam is taken from a -J-inch pipe provided with a valve and 
passes through two J-inch tees situated on opposite sides of a ^-inch 
flange union, substantially as shown in the accompanying sketch 
(Fig. 34). A thermometer cup, or well, is screwed into each of 
these tees, and a piece of sheet iron perforated with a j!;-inch hole 
in the center is inserted between the flanges and made tight with 
rubber or asbestos gaskets, which also act as non-conductors of heat. 
For convenience a union is placed near the valve as shown, and the 
exhaust steam may be led away by a short il-inch pipe, shown by 
dotted lines. The thermometer wells are filled with mercury or 
heavy cylinder oil, and the whole instrument from the steam main 
to the i;|--pipe is well covered with hair felt. 

Great care must be taken that the -J-Il'ich orifice does not become 
choked with dirt and that no leaks occur, especially at the sheet- 
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iron disc, also that the exhaust pipe does not produce any back 
pressure below the flange. Place a thermometer in each cup, and, 
opening the -J-inch valve wide, let steam flow through the instru¬ 
ment for ten or fifteen minutes; then take frequent readings on the 
two thermometers and the boiler gauge, say at intervals of one 
minute. 

The throttling calorimeter depends on the principle that dry steam 
when expanded from a higher to a lower pressure without doing 
external work becomes superheated, the amount of superheat de- 
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pending on the two pressures. If, however, some moisture be 
present in the steam, this must necessarily be first evaporated, and 
the superheating will be proportionately less. The limit of the 
instrument is reached when the moisture present is sufficient to 
prevent any superheating. 

Assuming that there is no back pressure in the exhaust, and that 
there is no loss of heat in passing through the instrument, the total 
heat in the mixture of steam and moisture before throttling, and 
in the superheated steam after throttling, will be the same, and will 
be expressed by the equation 

H — (wL/ioo) = 1146.6 + .48(/ — 212) 
or 

x= [H — 1146.6—.48(^ — 2I2)]/L X 100 

in which u; = percentage of moisture; 1/ = total heat above 32° in 
the steam at boiler pressure; L — latent heat in the steam at boiler 
pressure; 1146.6 = total heat in the steam at atmospheric pressure; 
iJ-= temperature shown by lower thermometer of calorimeter; 212 = 
temperature of dry steam at atmospheric pressure. 

Theoretically the boiler pressure is indicated by the temperature 
of the upper thermometer, but owing to radiation, etc., it is usually 
too low, and it is better to use the readings of the boiler gauge, if 
correct, or better still to have a test gauge connected on the -+inch 
pipe supplying the calorimeter. 

If the instrument be well covered and there is as little radiating 
surface as possible, the above assumption that there is no loss of 
heat in passing through the instrument may be nearly, though never 
quite, correct. On the other hand, it is more than likely to be very 
far from correct, and, to eliminate any errors of this kind, Mr. 
Barrus recommends a so-called calibration ” for dry steam. This, 
again, involves an assumption which is open to some doubt, which 
is that steam, when in a quiescent state, drops all its moisture and 
becomes dry. No other practical method, however, has been pro¬ 
posed, and this is, therefore, the only method used at the present 
time. Some engineers, however, refuse to make any calibration, 
but, instead, make an assumed allowance for error. 

To make the calibration, close the boiler stop valve, which must 
be on the steam pipe beyond the calorimeter connection. Keep the 
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steam pressure exactly the same as the average pressure during the 
test, for at least fifteen minutes, taking readings from the two ther¬ 
mometers during the last five minutes. The upper thermometer 
should read precisely the same as during the test, and the lower 
thermometer should show a higher temperature; this reading of the 
lozver thermometer is the calibration reading for dry steam, which 
we will call T, 

Calculation of results, allowing for radiation, by calibration 
method: 

Formula .r= [-48(7 — t)/L] X lOO 

in which a'= percentage of moisture; T = calibration reading of 
lower thermometer; ^ = test reading of lower thermometer; L — 
latent heat of steam at boiler pressure. 

The method of taking a sample of steam from the main is of the 
greatest importance, and more erroneous results are due to improper 
connections than to any other cause. The sample should be taken 
from the main steam current of the steam ascending in a vertical 
pipe. Avoid perforated and slotted nipples, and use only a plain, 
open ended nipple projecting far enough into the steam pipe to 
avoid collecting any condensation that may be on the sides of the 
pipe. Take care that no pockets exist in the steam main near the 
calorimeter in which condensation can collect and run down into 
sampling nipple, klake connections as short as possible. 

As mentioned above, there is a limit in the range of the throttling 
calorimeter which varies from 2.88 per cent, at 50 pounds pressure 
to 7.17 per cent, at 250 pounds. When this limit is reached a small 
separator may be interposed between the steam main and the calo¬ 
rimeter, which will take out the e.xcess of moisture. By weighing 
the drip from the separator and ascertaining its percentage of the 
steam flowing through and adding this to the percentage of moisture 
then shown by the throttling calorimeter, the total moisture in the 
steam may be ascertained. It is seldom, however, in a well designed 
boiler that any but a throttling calorimeter becomes necessary. 

Boiler Tester. This apparatus is used for filling and testing boil¬ 
ers with hot water for pressures up to say three times to steam 
pressure. The instrument shown in Fig. 35, which is manufactured 
by the Schutte and Koerting Co., Philadelphia, is a combination of 
two machines, one of large capacity for rapidly filling the boiler and 
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a smaller one to overcome a high counter-pressure. After the 
boiler is filled the large machine F is shut off, and the small high- 
pressure machine 1 is started to apply the pressure. 

This machine is made for a capacity only sufficient to make up 
for possible leaks in the boiler to be tested, and any excess above 
this is discharged through the automatic overflow safety valve D. 
This valve is loaded with a spring, which can be set to the desired 



pressure by the hand wheel B. It will then maintain the same 
pressure while the excess water discharges at the overflow. To fill 
the boiler valves X and Y are opened, valve C is closed tight and the 
steam valve A opened. To apply pressure, valve A is closed tight, 
water valve C is opened, and the injector I started with handle E. 
An air cock or opening must be left at the top of the boiler to be 
opened when boiler is filling and closed when full. 

The boilers should be tested from time to time. 

Water Purifiers and Filters. A heater and purifier combined, as 
4 
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built by the Murray Iron Works, Burlington, Iowa, is shown in 
Fig’. 36. In this purifier the feed water supply from the pump or 
tank is regulated by an automatic float valve which admits only as 
much water as the boiler requires. The feed water first passes 



Fig. 36- Water Heater and Pcrifier. 


over a series of removable pans which take out such impurities as 
will precipitate at a temperature of 212 degrees, such as lime and 
magnesia, then to the settling chamber, where the oil and such im¬ 
purities as come to the surface of boiling water are skimmed off; 
thence to the pure water or pump suction chamber, through a series 
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of syphon goose necks that take the pure water from beneath the 
surface in the settling chamber only; the S}'phoning being stopped 
by the admission of air into the goose necks, when the surface of 
the feed water is an inch above the openings in the goose necks, 
where it is kept hot by the exhaust steam pipe that passes through it. 

Water filters, which are widely 
used in boiler plants, water works 
and other industries are built by the 
New York Continental Jewell Filtra¬ 
tion Company, New York. Fig. 37 
shows a small filter built by this firm 
having a capacity of about 400 gal¬ 
lons per hour. This type is operated 
by one valve only and revolving rakes 
are provided for breaking up the 
filter bed when washing. 

Figs. 38 and 39 show the New 
York sectional washing pressure fil¬ 
ter. For filtering the valves should 
be set as follows: Open A, B, G 
and H; close C, D, F and K, turn F 
so that the index points to number i 
on wheel, and adjust I to feed sufficient alum solution to produce 
clear filtered water. 

To wash the filter the following two steps have to be observed: 

1. Close C, H, A and B; open D and C, and turn F so that the 
index points to number p on wheel; allow water to flow three or 
four minutes, then turn F so that the index points to number 7; 
again allow water to flow three or four minutes, then turn F so that 
the index points to number /, and allow water to flow three or four 
minutes. 

2. Close D and C, open A, E, G and H (the valve I having been 
adjusted to feed sufficient alum solution to produce clear filtered 
water) ; allow water to flow until clear (usually two or three min¬ 
utes suffices), then close E and open B. This done, the washing is 
finished and filter is in service. 

The directions for the coagulant tank are as follows; 

To fill the coagulant tank, close li and G, remove plug cover I 
and open K to drain solution from tank, then close K and fill tank 
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with crystal alum; next open H fully and when water fills tank 
close H and replace plug cover H, then open G and H fully. 

The coagulant tank connections being small require blowing out 
at least once a month; to do this, select time when tank requires 
filling and before removing plug cover J, open H and K fully; allow 
water to flow from drain pipe one half minute, then close H and 
open / and I fully; allow water to flow one half minute, then close 



/ and /v, adjust I to normal position to feed sufficient alum solution 
to produce clear filtered water, and proceed as directed above to 
fill coagulant time. 

The valve L is a back-pressure valve to insure a circulation of 
water through the coagulant tank. The amount of back pressure 
can be adjusted by means of the weights on the lever; raising the 
weight decreases the back pressure, and lowering the weight in- 
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creases the back pressure. The weight is adjusted before leaving 
the factory and rarely requires readjustment. 

With this filter the results depend exclusively upon the care and 
regularity in washing. The filter should be washed once in every 



Fig. 39. Pressure Filter. 


twenty-four hours if in service. Only sufficient alum solution is 
to be used to produce clear filtered water. The coagulant tank 
should at all times contain alum. 

Steam Engines. In classifying engines with regard to their gen¬ 
eral arrangement of parts and mode of working account has to be 
taken of a considerable number of independent characteristics. We 
have, first, a general division into condensing and non-condcnsing 
engines, with a subdivision of the condensing class into those which 
act by surface condensation and those which use injection. Next 
there is the division into compound and non-compound, with a 
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further classification of the former as double, triple or quadruple 
expansion engines. Again engines may be classed as single or 
double acting, according as to steam acts on one or alternately on 
both sides of the piston. Again a few engines—such as steam 
hammers and certain kinds of steam pumps—are non-rotative, that 
is to say, the reciprocating motion of the piston does work simply 
on a reciprocating piece; but generally an engine works on continu¬ 
ously revolving shaft, and is termed rotative. In most cases the 
crank pin of the revolving shaft is connected directly with the piston 
rod by a connecting rod, and the engine is then said to be direct- 
acting; in other cases, of which the ordinary beam engine is the 
most important example, a lever is interposed between the piston 
and the connecting rod. The same distinction applies to non¬ 
rotating pumping engines, in some of which the piston acts directly 
on the pump rod, while the others act through a beam. The posi¬ 
tion of the cylinder is another element of classification, giving hori¬ 
zontal vertical and inclined cylinder engines. 

No type of steam engine is so common as the horizontal direct- 
acting. We give the details of construction generally followed in 
this class of engine. 

The cylinder consists of cast iron, exactly bored, of which the 
ports and sides of the valve chest form part. Sometimes there is 
an interior cylinder called a “ liner,” especially in large engines, and 
the space between the inner and outer cylinder is used as a steam 
jacket. In the front cylinder cover there is a stuffing box through 
which the piston rod passes. The stuffing box is kept steam-tight 
by a soft packing which is pressed in by a gland. In some in¬ 
stances the packing consists of metallic rings. The cylinder cover 
and gland are lined with a brass ring in the hole, through which 
the piston rod passes. The valve rod is brought out of the valve 
chest in the same way. The piston is a hollow casting into which 
the piston rod is screwed and riveted over. It is packed by two 
split rings of cast iron, which are sprung into recesses turned into 
the circumference of the piston. This mode of packing is used in 
locomotives and small engines. For large pistons the usual plan is 
to employ wider split rings, called floating rings, pressed against 
the sides of the cylinder, not by their own elasticity, but by separate 
springs behind them in the body of the piston; they are held in place 
by a movable flange, called a junk ring, on one face of the piston. 
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The cross-head consists of a steel centerpiece with a round boss, in 
which the piston rod is secured by a cotter and a forked front, 
where the end of a connecting- rod works on a pin. A pair of pins 
at top and bottom carry the steel shoes or sliding blocks, whose 
distance from the center is adjustable by nuts to take up wear. 
Occasionally the crank is omitted, and the connecting rod works 
on a pin fixed in a disk on the end of the shaft on the main bearing. 
The valve rod, which is worked by an eccentric just behind the 
bearing, is extended through the end of the valve chest, and forms 
the plunger of a feed pump which is bolted to the end of the chest. 
Frequently the feed pump is fixed at any convenient part of the 
bed-plate, and is driven by a separate eccentric, and in some cases 
its plunger is connected directly to the cross-head. In the main 
bearing the shaft turns in gun metal or phosphor-bronze blocks 
called bearings. In heavy engines these are generally lined with 
Babbitt’s anti-friction metal or other soft alloy, and in many modern 
engines the brasses are entirely dispensed with, a lining of Babbitt’s 
metal being let into the cast-iron surface of bearing. When the 
bearings are in two pieces, the plane of division between them is 
chosen to be that in which the wear is likely to be the least. A 
more satisfactory adjustment is possible when the bearings are in 
three or more pieces. 

In large engines the most usual plan of automatically regulating 
the expansion is to employ some form of trip gear, the earliest type 
of which was introduced by G. H. Corliss. In the Corliss system 
the valves which admit steam are distinct from the exhaust valves. 
The latter are opened and closed by a reciprocating piece, which 
takes its motion from an eccentric. The former are opened by a 
reciprocating piece, but are closed by springing back when released 
by a trip, or trigger action. The trip occurs earlier or later in the 
piston’s stroke, according to the position of the governor. The 
admission valve is opened by the reciprocating piece with equal 
rapidity whether the cut-ofiF is going to be early or late. It remains 
wide open during the admission, and then when the trip action 
comes into play, it closes suddenly. Generally the valves of Corliss 
engines are cylindrical plates turning in hollow cylindrical seats 
which extend across the width of the cylinder. Often, however, 
the admission valves are of the disc or double-beat type, and spring 
into their seats when the trip gear acts. Many forms of Corliss 
gear have been invented by Corliss himself and others. 
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In the large horizontal Corliss engine the cylinder is steam- 
jacketed around the barrel in the space between the liner and the 
outer cylinder, and also at the ends, which are cast hollow for this 
purpose. In large horizontal engines the weight of the piston tends 
to cause excessive wear on the lower side of the cylinder. In some 
of this type a part of the weight is borne by a tail rod, ending in a 
block, which slides on a fixed guide behind the cylinder. To fur¬ 
ther diminish wear the piston is sometimes made much wider and 
the device is sometimes resorted to of giving the piston rod an 
upward curvature in the middle portion, which the weight of the 
piston reduces to straightness. 

When uniformity of driving effort or the absence of dead points 
is especially important, two independent cylinders are often coupled 
to the same shaft by cranks at right angles to each other, an arrange¬ 
ment which allows the engine to be started readily from any posi¬ 
tion. Winding engines in which ease of starting, stopping and 
reversing is essential, are very generally made by coupling a pair 
of horizontal cylinders, with cranks at right angles to each other, 
on opposite sides of the winding drum, with the link motion as the 
means of operating the valves. 

For mill engines the compound tandem and compound coupled 
types are now the most usual, and the high-pressure cylinder is very 
generally fitted with Corliss gear. In the compound coupled 
arrangement the cylinders are on separate bed-plates, and the fl}' 
wheel is between the cranks. 

The general arrangement of vertical engines differs little from 
that of horizontal engines. 

Steam Turbines. As steam turbines are coming more and more 
into use because of the greater fuel economy in their operation as 
compared to steam engines, the description of a standard machine 
of this type, the '‘Parsons,” wilTbe of interest. Fig. 40 is the 
longitudinal section through a turbine of the Parsons type, showing 
the turbine in diagrammatic form, but omitting all details which 
are not necessary to an understanding of the general principles. 

The turbine consists essentially of a fixed casing, or cylinder, 
and a revolving spindle, or drum. The ends of the spindle are 
extended in the form of a shaft, carried in two bearings A and B, 
and, excepting the small parts of a governing mechanism and the 
oil pump, these bearings are the only rubbing parts in the entire 
turbine. 
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Steam enters from the steam pipe at C and passes through the 
main throttle or regulating valve D. which, as actually constructed. 



is a balanced valve; this valve being operated by the governor 
through suitable controlling mechanism. 

The steam enters the cylinder through the passage E, and turning 
to the left (as seen in cut) passes through alternate stationary an 
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revolving rows of blades, finally emerging from the blades at F 
and passing through the passage G to the condenser or to the 
atmosphere, according to whether the turbine is condensing or non¬ 
condensing. 

Each row of blades, stationary and revolving, extends completely 
around the turbine, the steam flowing through the full annulus 
between the spindle and the cylinder. In an ideal turbine the 
lengths of the blades and the diameter of the spindle which carries 
them would continuously and gradually increase from the steam 
inlet to the exhaust. Practically, however, the desired effect is 
produced by making the spindle in steps, there being generally three 
such steps or stages, H, J and K. 

The blades in each step are arranged in groups of increasing 
length. At the beginning of each of the larger steps the blades 
are usually shorter than at the end of the preceding smaller step, 
the change being made in such a way that the correct relation of 
blade length to spindle diameter is secured. 

The steam, acting as previously described, produces a thrust, 
tending to force the spindle towards the left, as seen in the cut. 
This thrust, however, is counteracted by the balance pistons L, 
M and N, which are of the necessary diameter to neutralize the 
thrust on the spindle steps H, J and K respectively. These ele¬ 
ments are called ‘‘ pistons ” for convenience, although they do not 
come in contact with the cylinder, but both the pistons and the cylin¬ 
der are provided with alternate rings which form a “ labyrinth 
packing to retort the leakage of steam. In order that each balance 
piston may have the proper pressure on both sides, equalizing pas¬ 
sages 0 , P and Q are provided, connecting the balance pistons with 
the corresponding steps in the blading. 

The end thrust being thus practically neutralized by means of 
the balance pistons, the spindle ‘‘ floats so that it can be easily 
moved in one direction or the other. In order to definitely fix the 
position of the spindle a small “ thrust bearingis provided at R 
inside the housing of the main bearing B. This so-called thrust 
bearing is adjustable, to locate and hold the spindle in such posi¬ 
tion that there will be such a clearance between the rings of the 
balanced piston, and those of the cylinder as will reduce the leakage 
of steam to a minimum and at the ^ame time prevent actual contact 
under varying conditions of temperature. 
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Where the shaft passes out of the cylinder at 6^ and T it is neces¬ 
sary to provide against in-leakage of air or out-leakage of steam. 
This is accomplished by means of glands which the small scale of 
the illustration prevents from showing as actually constructed. 
The shaft of the turbine is extended at U and coupled to the shaft 
of the electric generator by means of a flexible coupling inside of 
the bearing housing. 

The turbines are so proportioned that, in using steam as pre¬ 
viously described, they have just enough overload capacity to take 
care of the ordinary fluctuations of load when controlled by the 
governor through the valve D, thus insuring maximum economy of 
steam consumption at approximately the rated load. To provide 
for greater overloads, the valve V is supplied, to admit steam to 
intermediate stages of the turbine; this being the equivalent of the 
by-pass valve generally used for admitting live steam to the low- 
pressure cylinder of a compound reciprocating engine. This valve, 
shown diagrammatically in the illustration, is arranged to be oper¬ 
ated by the governor or by hand, as the conditions under which the 
turbine is to work may require, and is, according to circumstances, 
located either as shown by the illustration, or at another stage of 
the turbine. 

If it were possible to make the rotor of the steam turbine a tight 
working fit in its cylinder so as to prevent leakage of steam, the 
high steam economy of die turbine would even more nearly approach 
the theoretical limit. The high speeds which are essential in the 
steam turbine, however, preclude any continuous contact between 
the rotating and stationary parts, except in the well-lubricated bear¬ 
ings. The rubbing of other parts would produce such friction as 
would more than neutralize the increased steam economy, and result 
in the ripping out of blades. 

It is necessary, therefore, to effect a compromise by leaving a 
clearance between the rotating and stationary parts and allowing 
the steam to leak through this clearance, but reducing this leakage 
to the minimum possible. For this reason the tips of the rotating 
blades just clear the cylinder and the tips of the stationary blades 
just clear the surface of the spindle. For the same reason the rings 
of the labyrinth ” packing of the balance pistons are not allowed 
to come into contact. The necessity of permitting a leakage of 
steam, and at the same time keeping such leakage as small as pos- 
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sible has an important bearing on the whole design of the turbine, 
both as to general proportions, mechanical details, and methods of 
construction. 

Water Power. In some localities water power can be produced 
very economically, though in most cases it is advisable to have a 
steam or gas power plant as reserve. 

A water wheel which is widely and successfully used is the Pelton 
wheel shown in Fig. 41. It consists of a cast-iron or steel center, 
to the periphery of which are attached cups or buckets. The wheel 



Fig. 41. Water Wheel. 


is carried on a horizontal shaft, supported by journal boxes. The 
water, being led to the wheel by means of a pipe, impinges on the 
buckets through a nozzle, the end of which is fitted with a cylin¬ 
drical tip of a diameter proportioned to the head of water and 
amount of power to be developed. Different diameters of tips can 
be screwed into the nozzle, thereby varying the power of the wheels 
from the maximum, which is limited by the size of the bucket, down 
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to a small proportion of the rated capacity; in this way no more 
water is used than is actually required for the power, and a uni¬ 
formly high efficiency is maintained at all stages of load. 

The power of a wheel does not depend on its diameter but upon 
the head and amount of the water applied to it—in other words the 
size of nozzle used—which establishes the size of bucket on the 
wheel. The diameter of the wheel determines its speed, and, under 
a given head, the number of revolutions at which a certain size of 
wheel runs, should he constant, irrespective of the power developed 
Where a very considerable amount of power is required under a 
comparatively low head a wheel of large diameter is sometimes 
necessary to admit of buckets of proper size, as also the application 
of two or more nozzles, for the purpose of multiplying the power. 

Under certain conditions of head and power turbine wheels are 
used in place of the water wheels. 



CHAPTER III. 


GAS POWER. 

Gas Engines. On account of the higher efficiency of gas engines 
as compared to steam engines it is frequently of advantage, even 
though in chemical factories steam is always available, to use gas 
power. In connection with producer gas the combustion engines 
present the cheapest means of generating power, since in a gas 
producer an efficiency of So per cent., in a gas engine of 26 per cent, 
is easily obtained, so that by this system it is possible to generate 
one horse power per hour from less than one pound of coal. 

While these gas engines are built both in vertical and horizontal 
type, we will describe below only a typical horizontal construction, 
the Koerting four-cycle engine, of which a longitudinal section is 
shown in Fig. 42. 

Cycle. In the well-known Beau de Rochas or four-stroke cycle 
on which this engine operates, three strokes of the piston are em¬ 
ployed for the purpose of expelling the burned gases, drawing in 
the fresh charge of combustible mixture of gas and air and, by 
forcinght under high pressure into the small space afforded by the 
combustion chamber, preparing it to do work on the succeeding or 
fourth stroke. 

Expansion. In the illustration shown, the piston has advanced 
about half way on its power stroke. Ignition of the combustible 
charge effected by a special mechanism described below under that 
head, having taken place just before the crank passes the dead 
center, the high-pressure gas, expanding after having received the 
heat generated by its own combustion, transforms the heat into 
work, which, transmitted through the piston and connecting rod, 
turns the main engine shaft. 

Exhaust. Just before the engine passes the outer dead center 
the exhaust valve shown at the bottom of the cylinder head is 
opened and the pressure at once drops to that of the atmosphere. 
This exhaust valve remains open during the return stroke and allows 
the burned gases to be expelled by the returning piston. The hot 
gases escaping through the valve opening are cooled by water sur- 
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rounding the valve housing and exhaust pipe, which reduces the 
back pressure and tends to silence the exhaust. 

Fresh Charge, As the piston starts on its second out-stroke the 
exhaust valve is closed and the admission valve is opened, allowing 



the piston to suck in a fresh charge of gas and air accurately pro¬ 
portioned—by passing through an outside set valve—to conform to 
the requirements of perfect combustion and maximum economy. 

Compression. On the return stroke both the admission and the 
exhaust valve are closed, and the charge thus trapped in the cylin¬ 
der is compressed by the returning piston to the volume of the 
clearance spaces afforded in the end of the cylinder and the com¬ 
bustion chamber. 
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During compression the temperature of the charge rises very 
rapidly and the limit at which the compressed charge will ignite 
from its own heat is soon reached. 

Since in gas engine practice the economy attained depends upon 
the degree of compression of the charge prior to ignition, modern 
practice demands that compression be carried as high as this igni¬ 
tion temperature will admit. 

Rich gases, or those containing large quantities of hydrogen and 
hydrocarbons, ignite at a lower temperature than '' leaner ” gases, in 
which the percentages of these constituents are lower. As the size 
of the engines increases the cylinder jacket becomes less effective in 
cooling the central part of the mass of mixture. The evil effect of 
these conditions, which tend to produce preignition, is kept within 
bounds by a new system of jackets, through which cold water is 
circulated. This reduces the temperature of the charge, so that the 
comparatively high compression, necessary to high economy, is made 
possible. In order, then, to employ rich gases to their best advan¬ 
tage in medium and large size engines, the Koerting engine is pro¬ 
vided with a specially designed internal water jacket, the cooling 
surface of which may be increased to meet the demand made by gas 
of any composition working in an engine of any size. This device 
consists of a hollow water-cooled cover secured to the back of the 
cylinder head and projecting into the combustion chamber. By 
slightly changing the shape of this casting the cooling surface may 
be varied at will to suit any requirement. This simple device allows 
even the largest engines to enjoy the same high compression as is 
used in the smallest without fear of preignition. 

The incoming gas having passed through a set regulating valve 
in the gas main is supplied to the mixing valve in the proper propor¬ 
tion to insure perfect combustion and consequent maximum efficiency- 

Governing. The combustible complement of air and gas mixed 
according to the requirements of perfect combustion, before being 
admitted to the power cylinder, is made to pass a throttling valve, 
which determines the amount of fuel necessary to maintain the 
required speed for one complete cycle. 

Ignition is effected by an oscillating electromagnet which insures 
a spark of uniform strength regardless of the speed of the engine. 

The transverse section of a Koerting engine is shown in Fig. 43. 
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Fig. 44. Diesel Engine. 
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.engine of peculiar construction is the Diesel engine, in which the 
oil is ignited by highly compressed air without the use of an igniter. 
In this construction a perfect combustion is obtained and one horse 
power per hour is generated from one half pound of oil, while in 
all other oil engines about twice as much fuel is consumed. A 
Diesel engine is shown in Fig. 44. 

Suction Producer. The type of producer which has been found 
to be the best adapted to small and medium size installations is 
known as the suction producer to distinguish it from the form in 
which the gas is supplied to the engine under a slight pressure, and 
which is more complicated on account of involving the use of gas¬ 
holders, boilers and much additional piping. In this form of pro- 



Fig. 45. General View of Suction Producer. 

ducer exterior atmospheric pressure is employed to force the com¬ 
bustible mixture of gas and air into the motor cylinder, a vacuum 
sufficient to overcome the resistance encountered by the gases in 
traversing the generating apparatus being produced by the action 
of the motor piston itself. 

In engines working on suction producers, regulation is effected 
by means of a balanced valve inserted in the main gas supply line 
and actuated by the governor. This device not only controls the 
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operation of the engine, but also that of the producer. In running 
under light load the throttling device allows only a small amount 
of gas to enter the cylinder and the suction on the producer is light. 
When the load increases, however, the throttling is less marked and 
a greater amount of air is allowed to rush through the producer, 
effecting the generation of an increased supply of gas to meet the 
demands made by the engine. The general construction of a Koert- 
ing producer of the suction type is shown in Fig. 45. The plant 



Fig. 46. Sectional View of Suction Producer. 


consists essentially of a generator or producer, an evaporator, a 
scrubber or purifier, and a sawdust purifier. 

Fig. 46 shows the sectional view of a generator and scrubber. 
Generator. The generator is a vertical steel shell, cylindrical in 
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form and lined with fire-brick. It is fitted at the bottom with grates 
similar to those in a vertical boiler and at the top with a hopper 
having an air lock through which coal is fed to the fire. 

Evaporator. At each charging stroke of the engine a quantity 
of air and gas is sucked out of the generator and passes through 
the evaporator. This device performs the double function of gen¬ 
erating the steam and cooling the gases, and resembles in form a 
small tubular boiler. The gases, in passing down through the tubes 
of this boiler or evaporator give up part of .their heat to the water 
surrounding the tubes and evaporate sufficient steam to supply the 
generator. The water supplied to the evaporator passes, wherever 
it can be conveniently arranged, first through the water jacket of 
the engine, where it takes up considerable heat. In passing to the 
generator a fixed amount of air is allowed to be drawn in and 
mingled with the steam, thus supplying the oxygen necessary for 
the partial combustion of sufficient coal to maintain necessary gen¬ 
erator temperatures. 

By this arrangement it is obvious that the heat necessarily ab¬ 
stracted from the hot gas on the way to the engine, as well as that 
taken from the heated cylinder walls, is returned to the generator 
in the water and air with which it is supplied. 

Scrubber. The gases generated from ordinary fuels, especially 
from soft coal, are unfit, because of entrained impurities, to be used 
uncleansed within the cylinder of an engine. The amount and 
nature of these impurities naturally vary widely with the kind of 
fuel used, being nil for pure carbon. 

The impurities to be removed from the gas generated from a ton 
of fuel are, for anthracite coal, from one to two pounds of ammonia, 
traces of sulphur and from five to ten pounds of tar, and from 
bituminous coal, from four to five pounds of ammonia, sulphur 
varying from “ traces ’’ to five per cent., and from ten to twelve 
gallons of tar. 

In the case of suction producer plants using anthracite coal and 
carbonized fuels, such as charcoal and coke, the purifying process 
requires only a washer or scrubber. From the evaporator the cooled 
gas passes through a vent valve into the bottom of the scrubber and 
up through a bed of coke over which a spray of water is continu¬ 
ously running. While passing through this wet coke, the gas is 
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further cooled and cleansed of any fine ash or foreign matter which 
it may have carried over from the generator. 

Sawdust Purifier. The gas leaving the scrubber descends through 
a vertical pipe and enters the sawdust purifier. Within the purifier 
it rises to the top through a short vertical pipe, and spreading over 
the entire cross-section of the cylindrical shell, filters down through 
two or more layers of sawdust supported on wooden gratings. The 
size of this cylinder allows the gas to travel very slowly and any 
impurities, such as tar, moisture and dust, not separated out in the 
scrubber are caught in the sawdust beds. 

The comparatively large volume of the purifier also constitutes a 
suction receiver which reduces the pulsating effect due to the suction 
of the engine and makes the pull on the generator practically constant. 

Starting. The plant is started by first building a fire on the grate 
of the generator and charging it with coke or coal, the chimney pipe 
being open and the engine gas pipe closed. Air is forced through 
the generator by means of a small hand blower until the charge is 
well ignited, the vent valve being turned so that the smoke will 
escape to the atmosphere through the chimney. 

When a part of the gas is to be used for heating or other outside 
purposes, the blower or exhauster is placed in the gas main beyond 
the scrubber and so operated as to put the gas under sufficient pres¬ 
sure to force it through the pipes to the place of consumption. In 
this case the vent valve is placed behind the exhaust fan and arranged 
to divert the smoke into the chimney while starting up. The fuel 
having become incandescent up to the bottom of the hopper, the 
passage to the chimney is closed and the gas is tested by igniting a 
small jet from a test cock. If the gas burns with a reddish-blue 
flame not easily extinguished, the valve leading to the engine may 
be opened and the engine started. As soon as the engine has made 
a few revolutions it will pump its own gas, and unless the exhaust 
fan is required to force the gas through an outside system it can 
be stopped. 

When the plant is to be shut down the generator is filled up with 
coal and the vent valve to the chimney opened to a mark which has 
been predetermined to admit the passage of just sufficient air to 
maintain a fire. Opening the vent valve to the chimney closes the 
communication with the scrubber and the gas which it contains can 
be used the next time the engine is started. 
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These producer plants consume only a very small amount of coal 
while the engine is shut down and are much more economical than 
boiler plants which, while the fires are banked and no power is 
being used, aften consume ten per cent, or more of the amount of 
coal required for the performance of their rated capacity. The 
plant after being shut down can be put in operation at full capacity 
in a few minutes and, on account of the heavy bed of burning coal 
carried at all times, meets the requirements of wide fluctuations in 
load with great promptness. In operating small plants it is neces¬ 
sary to charge coal through the hopper only about every two or 
three hours, shaking the fires to break up the bed of coal and remove 
ash, and inspection of the evaporator to see that it is properly sup¬ 
plied with water may be made more frequently. The removal of 
ashes from the water-sealed pit is performed two or three times 
per day. 

Among the numerous advantages possessed by suction producers 
is their low first cost, extreme simplicity, and the fact that being 
operated under slight vacuum any leak will have the effect of draw¬ 
ing exterior air into the apparatus instead of allowing gas to escape 
to the outside, as may sometimes occur in the case of pressure pro¬ 
ducers not under the care of skilled attendants. The steam used 
in these producers, being drawn in by a slight vacuum produced by 
the engine itself, is never above atmospheric pressure and hence 
requires no boiler for holding steam under pressure to operate 
injectors as in the case of most pressure producer plants. 

Pressure Producer. On account of its unusual adaptability to 
varying conditions and fuels and ability to meet varying require¬ 
ments of load, and because gas is easily piped to a distance without 
loss by condensation, the pressure producer, Fig. 47, may be em¬ 
ployed in plants of over 75 horse power. 

The chemical reactions involved in generating gas are practically 
the same for both the suction and pressure producer, the essential 
difference between the two types being in their mode of operation. 
In the former case the gas is sucked from the generating apparatus 
by the action of the engine itself, and in the latter case steam and 
air are forced into the producer by a pressure blower using steam 
from a small auxiliary boiler. This blower not only supplies the 
power necessary to overcome the resistance encountered by the gas 
in passing through the generator and the cleaning apparatus on its 
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way to the gas holder, but also introduces the steam, which through 
decomposition affords a means of controlling generator tempera¬ 
tures and by reducing the quantity of air used greatly increases the 
heat value of the resulting gas. 

In the suction producer, steam is evaporated in a small evaporator 



at atmospheric pressure by the hot gases on their way to the scrub¬ 
ber; in the pressure type the steam is generated at from 70 to 100 
pounds pressure in an auxiliary boiler. The evaporator of the 
suction producer is replaced in the pressure producer by an econo¬ 
mizer which effects a heat interchange between the hot gases leaving 
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the generator and the air entering it. The economizer, like the 
evaporator, is similar in construction to a small tubular vertical 
boiler, and the gases pass through the tubes and the air around them. 

While as yet anthracite coal is the only fuel that has proven 
entirely satisfactory in the suction producer, almost any fuel con¬ 
taining carbon and volatile hydrocarbons can be employed in the 
pressure producer, and any of these gases capable of forming a 
combustible mixture with air can be employed for generating power 
in a properly designed gas engine. 

The gasification of bituminous fuels requires a producer of dif¬ 
ferent construction from the one used for anthracite, as in approach¬ 
ing the incandescent part of the fuel bed tar is liberated, so that 
in an ordinary producer onty gas high in tar contents can be gen¬ 
erated. These tarry substances, however, can be decomposed at 
high temperature into hydrogen, carbon dioxide and carbon monox¬ 
ide. If the tarry gases are passed again through incandescent coal 
the tar is destroyed and at the same time utilized by its decomposi¬ 
tion. The simplest way to do this is to connect two or more pro¬ 
ducers, one behind the other, so that for instance the gas generated 
in the first producer, which is charged with green coal is passed 
through the second producer which contains hard fuel or fuel out 
of which the bituminous parts have already been removed. 

An example of such a producer combination is the producer plant 
of Jahns, which is used in Germany for gasifying a low-grade 
residuum of the coal mines containing about 25 per cent, combust¬ 
ible matter. 

For ordinary fuels and small plants, however, this system is rather 
complicated; therefore a different producer construction has been 
devised in Germany for gasifying lignite briquettes, in which the 
gas outlet is provided near the grate. This producer works by 
down-draft and is charged from the top. The tarry gases go 
through the incandescent fuel, whereby the tar is converted into gas. 

More perfect producer plants for bituminous fuels combine prac¬ 
tically two producers into one, i. e., the producer has two “ burning 
layers,” one on top and one on the bottom, the gas being removed 
between the two. The process in its first stage is similar to the 
common retort gas process; the upper layer corresponds to the 
retort; here the tarry matters are driven out and the fuel coked. 
In the lower layer the tar is fixed and the coke gasified. The opera- 
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tion is regulated by the quantity of air admitted to each one of the 
two burning layers. The gas leaving these producers is fairly cool, 
so that it is unnecessary to use an evaporator, while with a producer 
for anthracite or coke an evaporator of sufficient size is essential. 

In the Mond producer which is of ordinary construction soft coal 
is gasified for the purpose of recovering the by-products, especially 
the ammonia. On account of the high cost of these plants they are 
only used for very large units. As all the by-products are utilized, 
the gas produced is very cheap. 



CHAPTER IV. 


ELECTRIC POWER. 

As a means of power supply for practically every purpose, the 
electric motor drive stands preeminent. It is without a rival in 
many fields of activity and is rapidly superceding- older methods in 
all classes of service because of certain positive advantages not 
possessed by mechanical methods of power transmission. 

Within the last few years the manufacture of electric motors has 
grown enormously and is to-day one of our largest industries 
devoted to an engineering product. This growth is due entirely to 
the merits of the motors themselves. Where power users have 
investigated the economic features of the electric motor drive, it 
has invariably been adopted. There are many instances where the 
nature of the work or the location will admit of no other form of 
power application, and in the majority of cases, even where the 
circumstances are most favorable to mechanical drives, the electric 
motor presents decided advantages. 

The electric method of driving is particularly advantageous where 
low head room is encountered, since with individual drive there are 
no belts and in the group method the number is greatly reduced. 
Accordingly the obstruction to light is minimized or removed en¬ 
tirely, resulting in better conditions of illuminations, either by day 
or under artificial light, and in better ventilation as well. 

In operation, the electric motor is efficient and consumes power 
only in proportion to the load it is called upon to carry. The fric¬ 
tional and electrical losses in the motor, when operating, are small 
and are entirely eliminated when the machine is stopped. It is ever 
ready to work and will do so greatly beyond its normal rated capac¬ 
ity which is based on operation for a reasonable time. It will 
deliver power for short periods largely in excess of its rated capacity 
without damage and at about the same efficiency as when normally 
loaded. 

Many power distribution problems present difficulties, as, for in¬ 
stance, separate buildings not adjacently located, scattered location 
of the machines in building, the desirability of locating the mill 
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buildings or shops away from the source of power, so that the fac¬ 
tories may be convenient to labor, railroad facilities, etc. These 
conditions are easily met by the use of the electric motor, which is 
an independent unit and may be located wherever found convenient 
—on the wall, ceiling or floor, or best of all, attached to and form¬ 
ing a part of the machine. 

Overtime operation may be easily carried on with economy if 
electric motors are directly connected to the machines, as the power 
is only consumed when the machine is in operation. If the group 
method is employed, a careful disposition of motors and machines 
will eliminate much waste power as compared with mechanical 
systems of driving. 

There are many individual cases where power is required in small 
quantity and intermittently, for ventilating fans, elevators, etc., 
where no other form of power could be used to such great advan¬ 
tage because of the inconvenience of getting the power producer in 
readiness to do the work and because of the attention required while 
in operation. 

There are classes of service where the electric motor is being 
used because of its ease of movement and ease of relocation, as in 
mine work, where it is used for coal cutters, pumps, ventilating 
fans and haulage, the motors often being located thousands of feet 
from the power station. By no other system can work be accom¬ 
plished so effectively, nor the power transmitted with such ease. 
Where conditions as such above noted arise, there is no competition. 

In places where fire risk is ever present, and on account of which 
the buildings must be scattered over large areas, as in powder and 
dynamite works, chemical plants, etc., the electric drive is without 
a rival. Motors may be located wherever desired and power trans¬ 
mitted to them with but a fractional part of the losses occurring in 
other transmission systems. The enclosed or the induction motors 
present absolutely no fire risk. With mechanical drive, overheated 
bearings have often been the cause of disastrous fires. The elim¬ 
ination of belts overcomes this source of danger. 

• The adaptability of the electric drive to difficult or otherwise 
prohibitive power problems is nov/ well established, and its field is 
daily expanding. Furthermore electric drive has been directly re¬ 
sponsible for the creation of many industries whose power require¬ 
ments could not be fulfilled by any other means. 
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An analysis of the elements entering into a mechanical power 
application will show that there must be a supply service, which is 
accomplished mechanically by a water wheel, a steam engine or 
gas engine, from which prime mover the power must be conveyed 
to the point of application by belting, ropes or shafts directly geared 
to the prime movers. 

Belts or ropes are flexible factors, which slip, stretch and wear 
out. To render satisfactory service they must be given constant 
attention. They are links which are limited in their capacity, length 
and the direction they may take. When power must be distributed 
over some distance or area, it is necessary to relay, or to interpose 
shafting and belting from the first shaft to the second and so on, 
until the final destination is reached. In each and every one of the 
belt units there is slipping and surging under change of load, which 
results in an irregular speed and the inability to have positive power 
always at the shaft and driven machine. In many classes of indus¬ 
tries an absolutely uniform speed is required for the most successful 
production, which is not possible with belt transmission. In other 
classes of production the machines require a means of adjusting 
the speed as the operation progresses, and this can only be done by 
interposing complicated mechanical speed-changing devices. 

Contrasted with the foregoing conditions, there is in the electric 
drive an absolutely uniform rotative movement in the prime mover 
which is transmitted through the efficient service wires (easily in¬ 
stalled to any required distance) direct to the motor, resulting in 
a maximum of effort on the shaft of the machine without shock or 
vibration. 

Where speed changes are required in the producing machine, 
there can be installed an electric motor, which has characteristics 
enabling its speed to be adjusted to exactly the right condition 
required by the operation being carried out. This adjustment of 
speed is accomplished easily, economically, effectively and with 
positiveness, so that the operator can predetermine the conditions 
and then carry them out with exactness. 

In many operations it is essential that control of the power appli¬ 
cation be had from a distance, and this condition can only be met 
by electric power service, where the motor may be controlled from 
any distance. The instruments under the eye of the operator indi¬ 
cate exactly what is being done by the motor. 
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The electric motor is regularly manufactured in sizes ranging* 
from one twentieth horse power up to those used in steel mills, which 
have a capacity of several thousand horse power. They are made 
of many different speed characteristics, as well as mechanical form, 
so that motors are available for all varieties of service. For in¬ 
stallations, where existing types are not entirely suitable, a motor 
mav be made exactly to suit the conditions to be met, either mechan¬ 
ical or electrical. This is possible because the elements of motor 
designs are definite and well understood; therefore a motor may be 
designed whose exact performance under any conditions of opera¬ 
tion can be foretold. 

A crowning feature of the electric motor is that its reliability 
is the same whether large or small and the small unit nearly obtains 
the high efficiency of the large unit. Neither of these features is 
true of steam or other types of engines. 

There are some requirements of service where it is not convenient 
to provide an operator; these conditions are easily met by the elec¬ 
tric motor, since it may be automatically controlled, i. e,, started 
and stopped whenever required. Since motors have no wearing 
parts requiring frequent attention, only an occasional inspection is 
required. 

Electric motors are made in a large variety of sizes, and as new 
fields are developed, new forms and types of motors are made to 
meet them. The speed and operating characteristics of the motors 
are suitable for all character of work, from slow-moving machinery 
to the rapidly revolving centrifugal pump. 

Where electric motors are used, it is no longer necessary to con¬ 
sider the power plant as the controlling factor in an industrial 
works. The building may be located at the point most convenient 
to the labor market, or to the transportation facilities, and where 
light and healthful surroundings predominate. 

The floor space required may be arranged with the single view 
of its suitability to the conditions of the manufacture, and the ma¬ 
chines located so as to be in line with the manufacturing sequence. 

If desirable the works may consist of a number of isolated build¬ 
ings, each so located and equipped that it will be specially adapted 
to the problem of manufacturing only. The producing machinery 
does not require a predetermined location in reference to the power 
supply, and may therefore be placed so as to save labor and time 
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in handling the product, which of course creates additional capacity 
at a decreased operating cost. 

There are in general use two methods of applying electric motors, 
L L, the grouping of certain machines belted to a short-line shaft, 
driven by a motor of just the right capacity, thus limiting the fric¬ 
tion and waste power due to unnecessary shafts and belt transmis¬ 
sion; or by directly connecting the motor to the driven machine and 
driving* power. Each method is very extensively used a.nd the selec¬ 
tion is dictated by the conditions of the problem. 

Where the group method is used the shafts are light, short, easily 
kept in alignment and have much less friction or waste power than 
with the usual mechanical drive; thus the maintenance is less than 
when long shafts are employed.’ 

The proper grouping of machines on short shafts driven by small 
motors eliminates many belts necessary in mechanicallv-dhveii 
plants, and permits changes in the location of machines with but 
small expense. 

The most economical, flexible and desirable method from every 
point of view consists in driving every machine by a.n individual 
motor directly connected to it and forming with it a complete unit. 
The advantages resulting from this method are many'* and will be 
found efficient to offset the first cost in a short period. 

Accessibility to machines is an exceedingly important factor in 
saving labor. Where the workman is not hampered by belts and 
shafting his work is greatly facilitated. Some machines should be 
located with the length of the works and others crosswise; this 
arrangement can readily be accomplished with electric drive. 

For.group drive the electric motor may be mounted on the floor, 
wall or ceiling with equal success, thus saving space. As it has a 
uniform rotary movement, there are no shocks or vibrations to the 
building structure. 

The service wires used for supplying electric power to the motors 
are relatively of small diameter and easily erected. Nfo special or 
heavy supports are required. They may be changed a.nd relocated 
if conditions should demand, and, moreover, it is not necessary that 
they shall be limited to any predetermined direction or location. 

The rapidly changing conditions of competition demand that new 
methods of manufacture be constantly adopted, and tliat new ma¬ 
chines be installed which often change the regular orcier of manu- 
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facture, making it necessary to rearrange a number of the machines. 
This condition is easily and quickly accomplished if the electric 
drive is used, since little work is required other than the relocation 
of the machines. As there are no line shafts or main belts, they do 
not require consideration as to their capability to supply power to 
the new arrangement. 

Extensions of plants are continually being made, and where the 
electric drive by individual motors is used and the power taken from 
the central station, the problem is reduced to one of floor space and 
machine. The central station will provide the power whenever 
called upon. 

On the other hand, during times of business depression, the proper 
distribution of electric motors enables the manufacturer to decrease 
his power costs proportionately to the work being done. 

Where purchased power is available, it is not necessary that an 
entire establishment be changed from mechanical transmission to 
electrical at once. The plan of transformation can be made and 
then the most wasteful drives superseded at first. The convenience 
and increased economy are sure to result in a speedy transforma¬ 
tion of the rest of the equipment. Many of the large electric 
power installations of to-day had their beginning in the use of a 
few motors. 

In some cases of old-established plants, where the power equip¬ 
ment is well installed and answers the purpose fairly well, electric 
drive has been used as an auxiliary form of power with great satis¬ 
faction. The outlying loads are removed from the mechanical sys¬ 
tem and long lines of shafting are shortened so that the mechanical 
efficiency is improved. 

It is an established fact that under the most favorable conditions 
of service, where the shafting, hangers and belts are kept in the 
best conditions, the friction load is from 30 per cent, to 35 per cent. 
In the great majority of factories the figures are higher and the 
average will be found to be from 40 to 60 per cent. 

It is usual to consider the friction load of a plant as that condi¬ 
tion when all belts are on loose pulleys, and consequently it only 
includes the load of the shafting, the bearing friction, the weight 
of the pulleys and the slipping friction of the belts. 

When a system of shafting and belting is transmitting power, 
the strains due to belt tension increase the bearing friction and the 
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waste power is increased. Friction loads must be considered from 
several view points, i. e., the horse power per lineal foot of line shaft 
and the horse power per square foot of floor space, before an ap¬ 
proximation may be made of the real friction losses, account being 
taken from the load factor of the machines. 

The plant load factor is the ratio expressed in per cent, of the 
actual power used to the total rated power of the motors connected. 
It shows that all the motors are not running at their rated capacity 
all the time. In some classes of work the plant load factors are 
high, as in a textile mill they will probably be 85 per cent. On the 
other hand, the plant load factor in a machine shop will be from 
-S 35 cent., other industries falling between these extremes. 

Considering the case of a mill where the power loads are rela¬ 
tively large per foot of shafting, it will be found that large belts 
are required and that these are apt to cause strains on the shaft, 
consequently a tendency to pull it out of alignment. 

In factories where the machines are scattered much shafting is 
required to furnish power to the machines. In these cases the 
horse power per foot of shaft is low, and therefore the friction loads 
are high. It is always a difficult matter to keep long line shafts in 
sufficiently good alignment to prevent undue friction. 

It is a well-known fact that where mechanical drives, even if well 
laid out, have been supplanted by the electric method of distribution, 
a substantial saving of power has been made. Savings have been 
even made in cases where the losses of the electrical system seem 
to be as great as the no-load friction losses in the mechanical drives, 
a result that indicates an increase in the friction of a system of 
shafting and belting when transmitting load. 

A motor located on the machine to be driven has many advan¬ 
tages, not only direct but indirect, both classes of which result in 
economy, reduce labor and increase output. This means a decrease 
in the cost of the product per unit of output, and at the same time 
an increase in the revenue of the investment in costly machines and 
tools. 

There are no losses in the service line or motor when the motor 
is stopped. When, however, the motor is running, but not called 
upon for power, the combined electrical losses in the motor and 
line are small compared with a system of shafting and belting in 
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operation and ready to supply power, but delivering none to the 
machine. 

This decreased cost will vary with different installations and 
operating conditions, but will always prove to be greatly in the favor 
of the electrical system. 

The ratio of the time a machine is in operation to the possible 
working time is termed the time factor. A low machine time factor 
is an item of great expense, yet it will be found that many machines 
will have time factors as low as 20 per cent, (in some cases even 
less), ranging to approximately 85 per cent, as a maximum of those 
machines of the automatic type or in continuous operation, as in 
textile mills, cement mills, or similar service. 

A motor directly connected to the machine may be started and 
stopped with the machine, thus saving a large amount of waste 
power required to drive idle shafting used to serve the machine. 
The load on the machine is rarely at a maximum, varying in some 
cases from 40 per. cent, to 80 per cent., depending upon the class 
of work, and as the shafting and belting must be of a capacity to 
take care of the maximum load, the friction load is considerable, 
often as much or more than the load of the machines. 

With the direct-connected motor there are no losses when the 
machine is idle, and when in operation the motor requires power 
only in proportion to the actual work being done. The efficiency 
of the electric motor is nearly the same between half-load and any 
overload within its capacity. It is obvious that this nearly constant 
efficiency is a direct gain in favor of the electric system of driving. 

Motors directly connected to machines increase their productive 
capacity, varying with the kind of machine and the class of material 
being worked, but whatever class there is always an increase. 

In some mills every effort is made to keep the speed constant, 
so in mechanical transmission the engineer must be careful to keep 
his engine within one half to one revolution of normal speed. 
Other classes of operations, as in paper making, etc., are dependent 
upon uniform speed. Where motors have been directly connected 
to machines, they apply uniform speed of the same number of revo¬ 
lutions all the time, resulting in an increase in the production of 
the machines. There is no slipping with the electric motor and 
there is no surging in speed as in belted systems. 

By the individual drives the space required for machines is con- 
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siderably reduced, or stated another way, more machines can be 
located in the same space, thus reducing the floor rental charge. 

This condition is due to the better arrangement on the one hand 
and to the fact that provision does not have to be made for belt 
angles, etc. Machines may be located in the center of the aisles, 
which cannot be done with belt drive. 

The arrangement can be changed with ease to suit any new con¬ 
ditions arising, due to changing conditions of manufacture or 
markets. 

The saving in space is a large item and shonkl be given careful 
consideration. 

In nearly every factory some condition arises whereby it is desira¬ 
ble and necessary'to work some portion overtime. Work will get 
out of balance, a rush must be put on some specialty or a repair 
job must be done; in fact, overtime is almost inevitable. It is 
always very expensive, and doubly so, when required in a mechan¬ 
ically driven plant. The shafting and belting must all be kept in 
motion, thus involving the entire friction load of the plant, which 
may be many times that of the actual work being done. With 
individual motor drive the cost of power is only that of the ma¬ 
chines being actually operated, and therefore is that of a fraction 
involved in any mechanical system. The saving in power under 
these conditions will pay a good percentage of the non-productive 
charges. 

With the individual motor drive there arc no belts, and conse¬ 
quently no obstruction to light. The dirt which rapidly-moving 
belts always keep agitated is absent, and the ceiling and walls may 
be kept clean, thus better reflecting the light. It is a well-established 
fact that better work can be done by daylight than at night; so also 
can the best work and the greatest quantity be done in a well-lighted, 
well-ventilated and clean factory. The conditions are contagious, 
the men are cleaner by example. Surroundings and environment 
always directly aifect' workmen, and therefore they should be the 
best. 

These advantages may be said to be indirect ones and of doubt¬ 
ful direct value, but as a cheerful man in a well-lighted and clean 
shop can accomplish more at the same time, it is certainly economy 
to provide the necessary conditions to bring this about. Individual 
drive does it in the best manner possible. Motor drive is better 
than the usual mechanical system. 
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Since the number of belts and shafts is lessened in group 
and entirely eliminated in the individual method, the danger rxsl< 
to the workman, the fire risk due to hot bearings, and the distribu^i- 
tion of oil over walls, ceilings and floors, due to rapidly-moving' 
belts, are eliminated. 

The care required by the electric drive, either in the group system 
or in the individual method, is less than with mechanical drive. 

The electric service wires do not require any attention whatevex', 
and the motors require only an occasional inspection, cleaning and 
oiling. The bearings and commutators of direct-current motors 
are the only wearing parts. The bearings are self-oiling and cona- 
mutators last for years. 

There is no wear in the induction motors except the bearings,, 
and this is reduced to a minimum. 

The efficiency of the electric drive versus that of any other form., 
whether it be gear, rope or belt transmission, depends upon the con¬ 
dition of the problem. The efficiency will vary with the size, typo 
and character of the works, whether they are composed of a singlo 
building or a group of buildings; with the nature of the load factoir 
or the power service; with the load factor and the machine used 
for manufacturing and the character of the product. Almost in¬ 
variably will the electric motor drive show direct economies, bv 
which is meant a decrease in the cost of power. 

In making comparisons of efficiency of one form of drive against 
another, the indirect advantages must be given consideration in 
their proper places. As the electric drive increases production in. 
certain industrial lines, improves the quality of the product in the 
others, decreases the time involved for certain other operations^ 
which means a greater quantity of product in the same equipment, 
these indirect advantages should be capitalized and credited to the 
first cost. In determining relative efficiencies, the broad problem 
should be considered, taking into account all advantages inherent 
in the system, and in determining the efficiency the cost of the prod¬ 
uct per unit output should be the final measure of the efficienev o£ 
any other form of drive. This will undoubtedly show in favor o£ 
the electric drive in various amounts, depending entirely upon the 
nature of industry to which it is applied. 

The use of electric motor drive for distribution of power results 
in the absence of or the elimination of many conditions heretofore 
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absolutely required when a system of belts and shafting is used 
for the transmission of power from a central source. In a factory 
involving but a single building there would naturally be but one 
engine plant from which the power is transmitted by means of belt¬ 
ing and shafting to the various floors. This arrangement usually 
requires a belt tower or raceway, either head shafts from which the 
floor belts are taken or extraordinarily heavy main line shafting. 
Frequently right angle drives arc required for changing the direc¬ 
tion of the line shafting, and in some cases vertical shafts with 
their attendant difficulties have been used. 

All these expensive, in some cases wasteful, elements in the trans¬ 
mission problems are eliminated by the use of and the proper dis¬ 
tribution of the electric motor. Whatever shafting may be used in 
the electric motor drive is comparatively light and is short in length, 
consequently easy to maintain in alignment, therefore less wasteful 
of power due to friction. Many lighter belts and all of the heavy 
ones are dispensed with entirely, and the heavy supports required 
where large line shafts are involved are eliminated, thus contributing 
to a lighter building construction by the use of the motor drive. 
The dirt, dust, noise and vibration always attending belt and shaft¬ 
ing transmissions is largely reduced or dispensed with entirely. 

The comparison in cost between the installation of a mechanical 
system of belting and shafting transmission and electric power by 
means of properly selected motor units varies with the class of the 
service. As above outlined, there may be reduced cost of building 
construction, and where the horse power per lineal foot of line 
shafting or per square foot of floor space is relatively small, the 
electric installation will compare favorably with that of the mechan¬ 
ical plant. The saving by the use of any improved device should 
be capitalized and balanced against the first cost of installation, and 
if this is done, there will never be any question but that the use of 
the electric motor drive will pay a handsome profit on the in¬ 
vestment. 




CHAPTER V. 


TRANSPORTATION OF SOLIDS. 

Conveying of Materials. Certain physical characteristics of 
materials, while by no means making it impracticable or undesirable 
to handle them by elevators and conveyors, necessitate unusual care 
in the selection of the proper design and manufacture of such 
machines, if they are to prove reliable and durable. 

These characteristics are: sharp cutting edges or joints of coarsely 
broken substances of hard texture ; abrasive dust; stickiness or adhe¬ 
siveness ; moisture; corrosive¬ 
ness ; and these are particularly 
apt to exist with the materials 
handled in chemical and metal¬ 
lurgical establishments. 

For this reason the simpler 
types of scraper conveyors are 
not very generally used, it being 
found better to use some of the 
t}’pes of conveyors which carry 
the material. An exception to 
the foregoing class is the screw 
conveyor, which does push its 
material, although the weight of 
the conveyor itself is supported 
independently of the trough. Even 
with this it is generally necessary 
to use special types of screw con¬ 
veyors designed particularly to 
meet the more difficult conditions. 
Cuts are shown of cast-iron conveyors with cast-iron trough and 
renewable bearings of chilled iron, the flights of the conveyor and 
the trough being of unusual thickness to resist wear, and both 
flights and bearings being easily renewed. 



Fig. 48. Bucket Elevator. 
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For the purpose of clearly defining- the most representative classes 
of machines, selections have been made from different types as 
designed and made by the Link-Belt Company.^ 



Fro. 49. Vertfcal Carrier of the Cradle Type. 

Fig. 48 shows a continuous bucket ty])c of elevator for frangible 
material. The face of each bucket, after jiassing over the head 



I'lc. 50. Screw 0 )^•\E^•(>R. 


wheel, serves as a chute to direct the flow of the contents from the 
next bucket. 

Fig. 49 is a view of a vertical carrier of tlie cradle type in which 
loading and unloading are automatically accomjdished by means of 

^ Philadelpliia, Cliicago, Indianapolis. 
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projecting arms or fingers meshing with those of the carrier tray- 
These loading and unloading devices may be fixed or movable, 
the carrying motions up and down may be simultaneous or alternate- 
Fig- 5° shows a screw conveyor with sides made of channel iroia- 
Uther types have sides and cover of heavy, rolled steel plate. 



Fig. 51. Steel Rillgn Screw Coxvevor. 


There is also shown a steel ribbon conveyor ( Fi^^. 51) usually 
made of large diameter so that it may revolve at moderate speeds 
and have comparatively large wearing surface of flight. This con¬ 
veyor is especially adapted to handle materials that would adhere 
and hall up, forming an obstruction at the hangers. 

Fig. 52 shows a water-jacketed ribbon screw conve^^or as used 



in sugar refineries for taking the sugar from the vacuum pans to 
the cr}stallizers, the water-jacketing cooling the mi.xtnre sufficiently 
to assist crystallization. 

belonging to the class of screw or spiral conveyors is the paddle 
conveyor, one of the forms being shown in the illustration of a 
sugar mingler (Fig. 53b 
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Fig- 54 gives a comprehensive view of a plant employing- dif¬ 
ferent types of screw conveyors, with which the work proceeds as 
follows ; the raw cane-juice, pumped from the purifying tanks into 



Fig. 53. Sugar Mint glee. 


the vacuum pans, is drawn off from these to water-jacketed screw 
conveyor and delivered to the crystallizers. From the crystallizers 
the plain ribbon screw transfers to niing-lers, which in turn supply 
the centrifugals. The latter discharge to the slat conveyor by 
which the crystals are carried to the bucket elevators for delivery 
to the bins. 

Fig. 55: rotary conveyor having internal spiral plates or vanes. 
Largely used for conveying, cooling or drying soda, metallic ores, etc. 

The carrying-conveyors are of three general types: apron con¬ 
veyors, bucket conveyors and belt conveyors. xApron conveyors are 
usually made of steel, thougli illustrations are shown of niacliiiies of 
wood construction. There is also the corrugated steel apron with 
either shallow or deep corrugations. 

Fig. 56 shows an apron conveyor, built of heavy overlapping steel 
plates and secured to two strands of special chain supported by self- 
lubricating rollers. This type of inachine is extensively used as a 
picking-table and as a carrier for billets and other metallic sub¬ 
stances, either hot or cold. 

57- A platform carrier made up of wooden slats attached at 
each end to alternate links of Ewart link-belt. The illustration 
is from a photographic reproduction of a machine installed for a 
large electric storage-battery company to transfer the hot zinc plates 
from the moulds to the saws. Other applications of this type of 











carrier have been made where the work involves movement of goods 
in a wet or moist state, the construction permitting drainage or drip 
during the transfer. ^Modifications have been designed for use in 
handling packages, boxes, cans, etc., some of the forms having raised 
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I'ic. 56. Apron Convi-A'or. 


])ush loaded trucks onto the moving- platform which makes the 
transfer to warelionse or ])ier. 

Another form of carrier, in which the travel proceeds in one snr- 
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face ]ilane, see Fig. 59, has the head and foot wheels set horizontally. 
Loading and unloading takes place from the outer sides. The con¬ 
struction of the machine illustrated, which is in use at the foundry 
of a prominent electrical manufactory, differs somewhat from the 



Fig. 57. Pl.mfokm C.akrihr. 


usual arrangement: the plates are attached on the under side to 
Dodge ” cable chain (Fig. 70) and supported on the inner end by 
small, grooved wheels. The outer end is supported by a larger wheel 
mounted on a swivel truck and running, as does the other, on a 



Fig. 58. Carrier for Casks and Barrels. 


T-iron track. The inner corners of the plates are cut off diagonally 
to permit free turns around the terminal wheels. 

With the aprons as shown by Fig. 60, the beaded edges, which 
form the corrugations, have a considerable overlap which does not 
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open in passing around the sprocket wheels, thus serving to carry 
material, even when quite fine, without permitting it to fall through, 
and approximating very closely the functions of a true continuous 



Fig. 59. Cakigkk TKAVELLixf; ix One Surface Plaxe. 


belt. The corrugations also assist to greatly stiffen the apron, making 
it suitable to handle coarsely broken materials, the individual lumps 
of which may be of very considerable weight. Corrugations also 



Fic. 6o. Aprons. 


enable conveyors of this type to operate at inclinations up to 35 
degrees without the material sliding backward. 

Fig. 61 shows a view of a bituminous coal-conveying outfit at a 
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coke plant. Cars discharge run-of-mine through a steel hopper set 
between the rails to a crusher (Fig. 140) from which it is delivered 
to an overlapping pan conveyor for transfer to a continuous bucket 
elevator which discharges to bins or pocket. 

In the heavier installations, and particularly where materials of 



I'rc. 6r. BriTLMiNous Coal Conveying Outfit. 


a gritty nature are handled, the chains should be fitted with case- 
hardened steel bushings, on which the rollers turn, and the rollers 
should be from two to six or eight inches in diameter and made self- 



lubricating. For the simpler and lighter installations, plain rolls of 
small size, turning on the chain pins, may be used. 

Fig. 62 shows the enclosed-oiling roller, as devised for sure and 
ready means of lubrication. The oil chamber, grooved and packed 
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with an absorbent ring, is charged through oilers fitted with a spring 
cap. Pressure from the outside causes this cap to yield; when pres¬ 
sure is removed, the cap springs back into position, and efiectually 
prevents the oil from escaping and foreign matter from enteiing- 



Fig. 63. Open 1 op Carrier, 


The ultimate development of the deeply corrugated apron con¬ 
veyor becomes the open top carrier (Fig. 63) consisting of over¬ 
lapping steel buckets or pans rigidly attached between roller chains. 
These buckets are usually of very large sizes and capacities, indi- 



Fig. 63a. Pivoted Overlapping-iutket Carrier. 


vicinal installations showing dimensions of 5' X 2' and handling 1,000 
tons per hour. 

r,y suspending the pans or buckets with trunnions between the 
chains so that they always swing freely and in a horizontal position 
under the action of gravity, a carrier is obtained of very wide appli¬ 
cation and utility, designed to lift as well as convey and to follow 
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any desired path. The most common adaptation receives the coal 
along the lower run, elevates it and discharges it wherever desired 



along the upper run by inverting the buckets with suitable mech¬ 
anism. Carriers of this type may he made without overlapping lips 
on the buckets, but these lips are most desirable, because they pre¬ 



mia 6s. Upper and Lower Horizontae Runs of Carrier 


^ent material from falling between the buckets in loading. Where 
he buckets overlap, however, their natural movement in passino- 





























TRANSPORTATION OF SOLIDS. 


81 


around the four sides of a rectangle brings the overlapping lips into 
such a position that they interlock and prevent the buckets passing 
from the lower horizontal to the ascending run without interference 
and spilling of the material handled. To obviate this, the most 
approved form of this type of carrier has the buckets suspended 
from projections of the inner chain links beyond the points of 
articulation, see Fig. 64. By this means the buckets travel through 
a longer path in passing around the wheels than do the chains from 
which they are suspended, and thus automatically unlap themselves. 

Fig. 65 shows the horizontal runs of the carrier installed at an 
extensive cement works. Hot clinker is handled at the rate of 
forty tons per hour. 

Belt Conveyors. Belt conveyors are largely used and of much 
service in many places. They consist of a continuous belt, sup¬ 



ported for very liglit service by a trough, but almost universally by 
rollers ])lace(l at intervals of from two and one half to five feet on 
the carrying run, and at intervals twice as great on the idle run. 
The supporting rolls may be plain cylinders such as are used for 
the return run always ; but more commonly to increase the conveying 
capacity without the material spilling over the edges of the belt, the 
rolls are made of such a form that will trough the belt along its 
carrying run. The drawback to the use of belt conveyors is the 
expense of frequent renewals of the belts, the life of which, under 
favorable conditions, hardly reaches, on an average, three years. 
Belts fail from the continuous strain set up between the plies by the 
troughing action, and for this reason experience proves that it is 
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the best practice and the greatest economy to trough the belt as 
little as possible. 

The best forms of supporting-rolls are shown in the illustrations; 
Fig. 66 shows the pressed steel roll with bell-shaped ends. This 
provides sufficient trough to resist a tendency of the material to 
spread out sideways and spill off the belt, and the troughing, while 
still so slight, nevertheless, gives the belt a carrying capacity very 
much in excess of that attained in the perfectly flat type. Where 
very large capacity is rec[uired the four-roll support (Fig. 67) is 



Fig. 67. 4-R0LL Sl’pport for Belt Conveyor. 


best, as it gives a relatively deep trough without the sharp bends, 
incident to a three-roll support; localized bending of the belt is 
always to be avoided, and the belt allowed to assume as nearly as 
possible a uniform curve. To insure this the belts of greatest dura¬ 
bility are of uniform structure throughout, with or without an extra 
cushion of rubber on the carrying surface, to protect the fabric of 
the belt. Where belts have more plies of fabric at certain parts of 
their structure than others, the bending is localized, and the failing 
tension in the belt sets up internal strains which ultimately separate 
the plies and destroy the belt. 

As conveyors which carry their load, and particularly those which 
elevate as well, are definitel}^ limited in capacity by what the belts 
or buckets can hold without spilling, some means of regulating the 
supply is essential to well-designed machines of this class. For the 
smaller sizes of material a rotary feeder resembling a paddle wheel, 
and with three or four compartments, is used. For the more coarsely 
broken materials the supply is regulated by a small corrugated apron 
feeder (Fig. 60) or by a reciprocating plate (Fig. 68). Both of 
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these devices work beneath the hopper, having an opening of suffi¬ 
cient size to admit the largest pieces without choking—the size of 
the opening, as will be readily appreciated from the diagrams, being 
quite irrespective of the quantity of material it is desired to feed. 
The feeders must extend beyond the natural angle of flow of the 



Fig. 68. Reciprocating Feeder. 


material through the opening, the material thus having no further 
movement, except as imparted to it by the forward travel of the 
feeding conveyor or by the reciprocating motion of the plate. 

The corrugated apron type is employed when the distance between 
the receiving point and the carrier is too long to make the use of the 
reciprocating feeder practicable. The apron feeder materially re¬ 
duces the power required to operate the crusher by giving it a 
uniform load. The successive operations of the reciprocating type 
are shown: the forward movement begins with position A, reaches 
its limit at position B, and at C, the plate being pulled back, the 
material which has just been carried forward, drops into the buckets. 

Conveying and Power-transmitting Chains, The first great 
improvement by which chains were given a broad working field such 
as is now occupied, was in the invention of the “ Ewart malleable 
iron detachable link-belt, an illustration of which is given in Fig. 69. 

This form of chain, which was first applied to agricultural ma¬ 
chinery, is still in use in all departments of the conveyor indu.stry, 
principally in the lighter service. Equivalent chains with closed ends 
and pin connections are also used. 

Great convenience is a characteristic of the detachable chain. 
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With it there is no necessity for the tinkering which always accom¬ 
panied the use of the early forms of riveted strap links. It is made 
in different sizes, and there is always a link to fit a link; thus, availa¬ 
bility still gives a distinctive value to the chain which is of world- 



Fig. 69. “Ewart” Link-belt. 


wide usage. Present-day practice leads to the use of fewer types of 
chains, each being adapted to a special line of work. 

The “ Dodge cable chain, shown by Fig. 70, followed the intro¬ 



duction of the Ewart ” and was devised for heavier duty. The 
removable blocks with which the links are fitted, offer large bearing 
surfaces to both links and wheel teeth, and permit the chain to adapt 



Fig. 71. “Monobar” Chain. 


itself to any turn in a vertical or horizontal plane. While given over 
to a wide range of work, the largest application has been in the 
anthracite coal fields and to the “ Dodge System'' of coal storage. 
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accessible to lubrication, and the bolts are entirely free from wear- 
while their roundness prevents clinging or lodging of material 
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Fig. 77. Silent Chain Drive from Electric Motor. 

economy in maintenance results from the permanency of the bolts— 
which limits cost of renewals to a few joints or couplings. 
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Fig. 78. CoNSTRL'CTION OF SiLEA'T WlIEEL. 


Fig. 7Q. Roller Tate 01 
Drive Ch.ain. 
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Fig. 72 illustrates a successful chain of the pin-connected type, the 
^ Ley Bushed Chain,exclusively controlled by the Link-Belt Co., 
and used in handling gritty materials, such as ashes, coke, slag, 
cement, sand, etc. Articulation takes place between the pin and 



bushing, both of which are case-hardened and renewable. The out¬ 
side of the bushing is protected by a sleeve which obviates contact 
with sprocket teeth, and by making this a rolling contact, minimizes 
wear on the links and teeth. 

73 illustrates a chain of the roller type such as is used for 
double strand conveying. The construction, as will be seen from 
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the etching, is extremely simple and nigged: the two sides of the 
link telescope into each other and are held pennanently in position 
so that the link is practically one piece. This makes a chain, the 
parts of which do not scatter when the pin is withdrawn. 

“ Maximum'' chain : The most recent form of chain devised for 
extremely heavy duty is shown by Fig. 74. This is a high-grade 



Fig. 81. Type‘‘A’’ Ball-bearing Turn-taele. 


steel chain made np of single and double links, having great width 
of hearing surface and connected by hush-protected steel pins. 
Internal and external wear, while greatly minimized, is distributed 
over the complete bearing area. Combined with the over all width 
of bearing, and structural ruggediiess, the general design indicates 
a chain of extreme power and great durability. The joint connec¬ 
tion is formed of a hollow pin or bushing, which serves as the 
bearing pivot for the chain links, and effectively protects the solid 



Fig. 82. Type Ball-bearing Turx-taple. 


pin which it surrounds, leaving the latter to merely hold the ends 
of the chain together. These ends are so fashioned as to give a 
bearing-surface the whole length of the joint, and thus prevent 
destructive shearing and bending strains upon the pivot pin. As 
this pin turns freely in the bearing, which is packed with lubricant. 
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larger pitch diameter, at the same time mairtaining perfect contact 
with the teeth. A detail view of the construction is shown by Fio- 
76; the joint is made up of full-width, case-hardened steel bushings 
and hardened steel pin. This improvement, besides allowing for the 
proper articulation, permits complete rotation of the pin and pro¬ 
vides against uneven wear, though the accuracy of ht minimizes any 



Fig. 85. Differential Block. Fig. 86. Patent Hoist. 

tendency to elongation or wobble. Another favorable point brought 
out is the absence of contact between the links and the pins, which 
relieves the latter of concentrated pres.sure and eliminates internal 
wear on links. The facility of the chain is indicated because it can 
be run at high or low speeds; will transmit any amount of power; 
can be used on long or short centers ; gives a positive velocity ratio : 
can be used in hot, damp or cold locations; does not slip ; prevents 
excessive journal friction ; runs quietly. As a substitute for leather 
belting and spur gearing, it has given great satisfaction, superseding 
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both of these to such an extent that its introduction became an epoch- 
making circumstance. 

Fig. 77 shows a drive from an electric motor, the larger wheel 
being constructed as shown by Fig. 78. The spring center which 
surrounds the hub was devised to correct variations in angular 
velocity, and to absorb pulsations or jerk, thus protecting the chain 
from shock 

The roller type of chain, shown by Fig. 79, fills the gap between 
the malleable and the silent chain. With the former it is not advis¬ 
able to exceed a speed of 500 feet a minute, while the latter may 
attain a speed of 1,600 feet a minute, though its economic range is 



Fk;. Sy. Hoist. 


between that and 900 feet. In the construction of the roller chain 
great care has been taken to provide joints of ample area to secure 
low unit pressures while having the roller, bushing, and pin hardened 
to the right extent to give durability without incurring disaster from 
brittleness. The most extensive use of this chain in America has 
been on drives of motor vehicles. 

Complete information regarding both of the foregoing chains can 
be had only from the Link-Belt Company, sole owner of the Amer¬ 
ican rights to manufacture and sale. 

Industrial Railways and Cars. Industrial railway systems are 
of demonstrated convenience. Views are shown of a track system 
(Fig. 80) with ball-bearing turn-table, two types of the latter being 
illustrated by Figs. 81 and 82. 

Fig. 83 shows a side-dump tilting car designed to handle ashes. 

Other Transporting Devices. Fig. 84 shows an installation of a 
Koerting steam jet conveyor, which, by reason of the vacuum created, 
is used to advantage in handling dusty and poisonous chemicals. A 
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is the air admission, B a barrel, D discharge of condensed water, E 
exhauster, EF the suction foot, EH the discharge head, F the filter, 
G a pulverizer, F[ the suction hose, K discharge from exhauster, M 
muffler, and V steam valve. 

Fig. 85 illustrates a differential block, Fig. 86 the box patent 
hoist. The principal feature of the latter is the use of a right-hand 



Fig. 88. Jack. 


and left-hand screw on one shaft, working on two separate wheels, 
instead of two separate right-hand screws working or driving the 
rim of one lift wheel. 

A hoisting installation is shown in Fig. 87. 

Finally we have to mention the hydraulic jacks. Fig. 88 shows a 
type made by the Schutte and Koerting Co., Philadelphia. 





CHAPTER VI. 


TRANSPORTATION OF LIQUIDS. 

For the transportation of liquids a large number of appliances, 
such as injectors, syphons, eductors, air jet lifts, monte jus, pumps, 
etc., are on the market. According to the nature of the liquid han¬ 
dled these apparatuses are made of iron, copper, lead, bronze, hard 
rubber, or stoneware. Enamel is frequently used as coating. 

Wherever possible acid-proof cast iron should be used. Pig iron 
showing the following analysis, and mixed in the proportions stated 
below, is exceedingly durable regarding the action of acids: 

A. R. c. 

Dark gray. Light gray. Mixed. 


Silicon . 3.5 1.5 0.7 

Manganese . 0.5 0.4 0.2 to 0.3 

Phosphorus . 0.2 0.2 0.2 

Total carbon . 3.8 3.5 3.5 


All three qualities should be free from sulphur. To get the best 
result, A, B and C should be mixed in the proportion 2:1:1. 

Injectors. The Koerting universal double tube injector, which 
is shown in Fig. 89, is extensively used especially for transporting 
water to the boiler. 

B is the discharge; N the lower water nozzle; N^ the upper water 
nozzle; 0 the overflow valve; P the lower steam nozzle; P^ the 
upper steam nozzle ; .S' the steam supply; W the suction. 

This injector is a combination of two jets. The lower jet is pro¬ 
portioned for extreme temperature and for quick and strong action, 
which includes maximum high suction. The discharge is into the 
uppet jet where the water receives the additional strong impulse to 
carry it into the boiler. The pressure and volume from the lower 
jet corresponds to the steam pressure, and this is as it should be to 
answer the requirements of the upper or forcing jet. The varying 
volume insures the proper working at high steam pressure as well as 
at low, and increased pressure admits of increased high temperature. 

The self-governing or automatic features are the reason why this 
injector gives the same high duty and works with the same strong 

04 
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and positive action on the v'arying- pressures of steam with hig-liest 
temperature of feed water under pressure or high lift. 

Universal Syplions or Steam Jet Pumps. These apparatuses are 
used for moving water or other liquids, where durability, low cost, 



Fic. (Sg. Double Tube Injector. 


simplicity of manipulation is of importance or where an increase of 
temperature is beneficial. They are made of brass or iron bodies, 
with brass nozzles. 

These syphons are advantageously used for lifting hlcacliing 
liquor, milk of lime, water pulp, sugar juice, molasses, chemicals, 
etc. The extreme simplicity of the apparatus and certainty of oper¬ 
ation at all times carry their own recommendation. In the majority 
of applications, where a heating of the liquid is necessary, the 
elevating of the licpiid may be considered an almost costless 
operation. 
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Stoppages in suction pipes, strainer or in the apparatus are 
promptly cleared by providing a shut-off in the discharge pipe, 
which when closed will cause the steam to blow back and clear the 
obstruction. 

Fig. 90 shows an application of these syphons for transferring 



Fig.'90. Syphon for Transff-RRing Liquids. 


liquids from pits, in tanneries or chemical works. D is the dis¬ 
charge, E the syphon, and P the pits. 

The most extended application of syphons is found in such chem¬ 
ical industries where, in addition to elevating and moving, a heating 
of the liquids is required- They are also used to advantage in place 
of centrifugal pumps for circulating lyes and extracts, and a slightly 
changed construction is successfully applied for artesian wells. 

For the lifting of acids and other substances that have a corroding 
effect upon brass and iron, the syphons are made of lead, stoneware 
or porcelain. 

Fig. 91 shows the arrangement of a lead syphon. C is the check 
valve, D the drain, F the strainer, 0 the delivery pipe, P the suction 
pipe, R the stop valve, S the syphon, T the tank, V the stop valve. 

No lead burning is required in making connection to the syphon 
as the lead pipe is flanged true and smooth and is fitted to the syphon 
by means of suitable counter flanges. The flanges must be bolted 
perfectly tight and firm that no leaks occur. It is generally to be 
recommended to fix the syphon a foot or two above the liquid, so 
that the liquid has to be drawn up, and the syphon empties itself 
when not in operation. The steam pipe connection should be blown 
out with high pressure steam before connection is made to the 
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syphon. When there are lumps or floating particles in the supply, a 
strainer should be attached to the suction pipe. The syphon works 
best under certain conditions at a certain steam pressure, which has 
to be found out by throttling the steam. Therefore when such a 
syphon is installed it should be arranged as shown in the cut. 

Valve V is throttled to the most favorable steam pressure and 



locked in that position. Valve R is used for operating the syphon 
only. Before starting the syphon, valve D should be opened in 
order to draw ofif condensation. Care has to be taken that no traps 
occur in the delivery pipe and that the suction pipe is perfectly 
air-tight. 
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Air Jet Lifts. Air jet lifts are simple and efficient means for 
lifting liquids by means of compressed air, especially in places where 
piston pumps or steam jets cannot be used. The working of the air 
jet lifts is as follows: Air is pressed into the lower end of a sub¬ 
merged pipe. The air mixes with the water inside the air jet lift, 
forming a mixture of air and water, the specific gravity of which is 
lighter than water; thereby the column consisting of air and water 
is driven upwards. In other words, the apparatus works through 
the difference of specific weight of the two columns. 

The arrangement, as shown in Fig. 92, consists of the discharge 



pipe W, the air pressure pipe A, and the apparatus proper 7. The 
discharge pipe may be any kind of pipe which discharges the water 
freely, so that the water can get rid of the air. 

The apparatus is so constructed that the air is distributed as 
uniformly as possible over the area of the water discharge pipe. 
In cases where the machine is put in a well there is usually provided 
^ a strainer on the inlet of the apparatus. In cases where the water 
is carried to the machine by means of a pipe, the connection of the 
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apparatus is made by means of an elbow. The discharge pipe and 
the air pipe are placed as close together as possible, so that the 
apparatus can be installed in narrow wells. 

The apparatus is to be installed as deep under the level of the 
liquid as corresponds with the height of lift. To operate the appa¬ 
ratus it is only necessary to open the valve in the air pressure line, 
and the regulation of the quantity of liquid is done by increasing 
or decreasing the quantity of compressed air. 

Besides the application of lifting water from wells by means of 
compressed air, these jets are used extensively in the chemical indus¬ 
try for handling acids, alkalies, etc., necessitating the use of such 
materials as lead, porcelain, stoneware, rubber, etc., which cannot 
be used to advantage in pumps with movable parts. The air jet 
lift provides the means to overcome this difficulty, as it can be made 
of any material. The advantage which this apparatus has, com¬ 
pared with lifts used in the chemical industries, such as acid eggs 
or monte jus, is especially that it works continuously as long as com¬ 
pressed air and liquid are carried to the apparatus. Further one is 
enabled to exactly regulate the quantity required for a given time 
by regulating the quantity of compressed air. Further advantages 
are that it occupies little space and can be easily erected in sulphuric 
acid plants at the foot of the tower in ordinary sewer pipes, which 
are sunk in the ground according to the height of discharge. The 
apparatus throws the acid directly in the interior of the Glover and 
Gay-Lussac towers by letting the discharge pipes extend through 
the top of the towers. By arranging a plate inside, against which 
the acid is forced, the ordinary distributors on top of the tower are 
eliminated in a satisfactory manner. The acid air lift uses less 
compressed air than the acid egg and can be made of suitable mate¬ 
rial. For lifting sulphuric acid it is made of lead; for lifting con¬ 
centrated acid, of cast iron; for nitric acid, of stoneware. 

Automatic Montejus. This apparatus, in which also compressed 
air is used for lifting a liquid, is extensively applied in acid works, 
especially in the form shown in Fig. 93. In this type the liquid has 
to run to the machine by gravity, entering at A through a check 
valve. We assume that the tank is empty and that the full w^eight 
of the lower float B keeps the exhaust valve open, so that the 
liquid can freely run into the tank. The liquid rapidly covers the 
lower float B, but the buoyancy thus started is not sufficient to open 
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the air valve. This is accomplished when the liquid reaches the 
upper float C. The combined buoyancy of both floats shuts the 
air exhaust valve and opens the compressed air inlet, the liquid 
being now discharged through the check 
valve and the discharge pipe. The level 
of the liquid drops now rapidly under the 
float C, but the weight thus exerted is not 
large enough to shut the compressed air 
inlet valve. This is accomplished after the 
liquid has dropped below float B, the weight 
of the floats being now sufficient to shut the 
air inlet valve, and to open the air relief 
valve. The conditions are now again the 
same as when starting and the same opera¬ 
tion is repeated. These acid eggs are made 
in the following styles: entirely of cast iron ; 
lead lined, and entirely of copper. 

Water Jet Eductors. This apparatus, 
which, as also the injectors and syphons 
shown, is built by the Schutte and Koerting 
Co., Phila., is used to lift liquids by means of 
water having a high pressure, for instance, 
for draining cellars, or washing the filter 
sand in water works, to sink shafts in min¬ 
ing regions where high pressure water is at 
disposal and in places where, on account of 
insufficient space, a pump cannot be in¬ 
stalled. The actuating water can either be 
taken from a local source, such as water 

works, natural water sources, etc., or can 
Monte JUS. i i 

be supplied by pressure pumps. 

The motive power of these pumps is pressure water passing 
through the apparatus with great velocity. This creates a vacuum 
and sucks in the water to be lifted, which is then carried along with 
the pressure water to the discharge outlet. Fig. 94 illustrates one 
of these eductors. A is the eductor, Z is the height of lift. 

These pumps have the following advantages: They have no 
valves and no moving parts; they are not subject to wear and tear; 
they cannot get out of order; they are noiseless in operation; they 
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are the simplest and the most convenient apparatus, when high 
pressure water is at disposal. 

Pumps. Another class of appliances for transporting liquids is 
the one operated by mechanically-driven machines, called pumps, in 
which the liquids are lifted by suction and then transported by 
pressure. 

The pumps can be driven by’ steam, compressed air, electricity, 



gas power, hand, etc. Steam pumps are extensively used, as they 
can be located at any place desired. Fig. 95 shows the well-known 
Worthington type. Fig. 96 a Goulds vertical triple.x single-acting 
power pump. These two types are so well known that a detailed 
description in this place seems to be unnecessary. 

A type of pump which is now coming more and more into use, 
as the absence of valves in them is of great advantage for convey¬ 
ing heavy liquids and liquids containing sand, etc., is the centrifugal 
pump. This ty’pe is built in two constructions, the volute and the 
turbine. In the former the water is discharged into a volute or 
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spiral-shaped discharge chamber which terminates in the discharge 
pipe. In the latter type, diffusion or guide vanes are arranged in 
stationary passages around the circumference of the impeller to 



Fig. 95. Steam Pump. 

direct the flow of water and reduce its velocity as it leaves the 
impeller without waste of energy. The turbine pump is peculiarly 
well suited for high pressures, as two or more impellers may be 
mounted on one shaft and enclosed in one case, the water being 
delivered from the diffusion vanes of one stage to the impeller of 
the next stage; the discharge pressure or head being the sum of 

the heads produced by all the impel¬ 
lers. . As there is practically no limit 
to this compounding, the turbine 
pump may be built for any de¬ 
sired pressure ; and with proper de¬ 
signs and construction in multi-stage 
pumps, the end thrust may be prac¬ 
tically overcome. Limit of capacity 
is fixed only by the limit of pip.e 
sizes and sizes of passages in the 
pump; hence centrifugal pumps 
. may be built to handle quantities of 

water far in excess of those com¬ 
monly handled by direct-acting pumps. The centrifugal pump is 
equally well suited for handling small quantities of water. 

Referring to Fig. 97, which shows a Worthington turbine pump, 
it will be seen that the path of the water from the suction opening 
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TnpmNE Pump. 
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to the point of discharge is the most direct possible, which is a 
feature of great importance. 

After leaving the suction opening, the water enters the impeller 
through an annular opening of ample area, and directed by- the 
vanes is discharged at the desired velocity at the periphery of the 
impeller. The velocity of the water, which is highest at this point, 
is now gradually reduced by means of dififusion vanes designed in 
such a manner as to convert the velocity head of the water into 
static pressure with the minimum frictional loads. If the pump has 
only one impeller, the water on leaving the diffusion vanes passes 
into the discharge casing and thence to the delivery pipe. Fig. 97, 



however, shows a multi-stage pump, and in this case the water 
leaving the diffusion vanes of the first impeller passes in the most 
direct manner possible through the intermediate casing into the suc¬ 
tion opening of the second impeller, this operation being repeated 
as often as is necessary to procure the final delivery pressure. 

A new kind of turbine pump is the twinvolute,'’ which is built 
by Watson-Stillman Co., New York. These pumps are small, com¬ 
pact, heavily constructed, have but few parts, are subject to little 
wear and are highly efficient in operation. When the head is low 
the single-stage pump, which is provided with but a single revolving 
wheel, is used. As the head increases, the multi-stage pump, in 
which two or more impellers are used, is necessary. These pumps 
are built either horizontal or vertical, and they may be operated by 
gears, belt or an engine. 

The single-stage twinvolute turbine pump is shown in Fig. 98 
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and consists of two similar castings which, when fastened together, 
form the case or shell in which the impeller rotates. The water 
enters through the flanged Y branch into the impeller eye equally in 
amount at the center and on each side. The pump body also car¬ 
ries the flanged suction and discharge openings, the shaft bearings 
and stuffing boxes. The shoulder of the pump body is held by the 
hood of the bedplate, which insures a good alignment and secure 
hold. By simply loosening a bolt the entire pump body may be 
placed in any desired position. The shaft is keywayed to receive 
the impeller and half coupling. 

The water enters the suction opening A and passes in equal vol¬ 
umes through the Y branch channels to the inlet openings at the 
center on each side of the impeller B. Passing through the eye 
the water comes in contact with the arms C, which, when revolving, 
impart velocity to the water. Passing through the tips at the open¬ 
ings D, the water comes in contact with the diffusion vanes E, 
which change the kinetic energy of the fluid into pressure, gradually 
and without shock. The water enters the twinvolute chamber F 
and is discharged at G. 



CHAPTER VIL 


TRANSPORTATION OF GASES. 

Wherever an admixture of steam to the gases to be conveyed is 
not objectionable, steam jet blowers, steam jet exhausters and steam 
jet ventilators are the most convenient apparatus that can be used. 
These three types are built by the Schutte and Koerting Co., 
Philadelphia. 

The variety of application and the corresponding difference in 
the proportion of these instruments is without limit, depending on 
the variation of volume and counter pressure or the degree of rare¬ 
faction to be overcome. The limit of rarefaction is 25 inches of 
mercury, and the limit of counter pressure one seventh of the steam 
pressure of the actuating jet. 

By regulation of the area of the actuating jet, as also by the 
regulation of the steam pressure, a variation within certain limits 
in the capacity and the general effect of the.same instrument can 
be effected, so that instruments of certain sizes and dimensions can 
by a proper adjustment be made to be correct and most effective on 
varying conditions and for various purposes. 

These air and gas blowers and exhausters are divided into two 
classes: 

1. The machines for the purpose of overcoming a certain low 
counter pressure or rarefaction of, say, from to 6 inches of water, 
which attain the desideratum of extreme volumes, are called blow¬ 
ers and ventilators. 

2. Machines for the purpose of overcoming a high counter pres¬ 
sure, up to one seventh the steam pressure, or exhausting against 
a higher rarefaction of from 10 to 25 inches of mercury, attaining 
the desideratum of extreme pressures, are called compressers and 
exhausters. 

Steam Jet Blower. Fig. 99 shows the steam jet blower with 
spindle. A is the air inlet, R the regulating spindle, vS* the steam 
connection, M are the nozzles. To obviate or reduce the noise 
caused by the action of the blower, an air conduit C, as shown in 
Fig. loi, should be attached to the top of the instrument, leading 



TRANSPORTATION OF GASES. 


107 


straight up to or extending through the roof of the respective room 
to the outside. When this blower is used for blowing, attachment 
is made to bottom flange. When used for sucking, attachment is 
made to top flange. It can be placed vertical or horizontal. 

The steam jet blower is effectively used in boiler firing for pro- 


A 



Fig. 99. Steam Jet Blower. 

ducing a blast perfectly under control and at the least expenditure 
of steam. For small size and low grade fuels, and for furnaces 
with insufficient draft, this system is highly to be recommended. 
The blower also provides a means of forcing boilers to an evapora¬ 
tion beyond their rate of capacity, thereby obviating the necessity 
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of supplementary boilers in a case of emergency, which is especially 
desirable where boilers are used for short seasons only. 

The application of this blower for transporting the air of com¬ 
bustion and steam to a producer is shown in Fig. loo. T is the 



Fig. ioo. Steam Jet Blower Con- Fig. ioi. Obviating Noise of 
NECTED to Producer. Steam Jet Blower. 

steam valve, B the air inlet, 0 the fire door, P the producer, F the 
hopper, G the gas outlet. 

Fig. IOI shows the arrangement of an air conduit C to obviate 
or reduce the noise caused by the action of the blower. 

Fig. 102 shows the application of a blower as ventilator. In this 



Fig. 102. Blower as Ventilator. 













TRANSPORTATION OF GASES. 


109 


case the moving^ power is also a steam jet issuing from a nozzle, 
which, traversing others of larger diameter, draws the air and car¬ 
ries it along, imparting a certain velocity to same. Foul air to be 
removed may be drawn through pipes and conduits from any local¬ 
ity or forced to wherever required. In the illustration shown the 
foul air enters into pipe A and leaves through pipe D. F is a steam 
jet blower, S is the steam valve. 

This system can be applied for ventilating mines, shops, snips, 
etc. Also for temporary work, such as during the sinking of shafts, 
deep wells, etc., and also for removing the vapors from drying 
rooms. The steam jet blower is also applied to Cowper stoves to 
draw air through for cooling them down rapidly, when operations 
are discontinued. 

Chimney Ventilators or Blast Nozzles. These instruments are 
also operated by the steam jet and are successfully used for im¬ 
proving the chimney draft in industrial furnaces or ovens. They 
belong to the class of jet apparatus, which have a series of nozzles 
of increasing areas, in which the motive power of a small jet of 



steam is thoroughly utilized, to move the gases to be dealt with. In 
the proper construction of the nozzles is to be found the reason 
of these ventilators combining satisfactory results with greatest 
economy. 

Fig. 103 shows a nozzle attached to the stack of a heating or 
puddling furnace for increasing the draft. For this purpose these 
ventilators must be placed in the middle of the chimney, just above 
the entrance of the main flue. All sharp corners at the entrance 
of the main flue into the chimney must be beveled at an angle of 
45 degrees. 

When the chimney ventilator replaces a chimney it is put over 
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the main flue upon a brick foundation covered with a cast-iron 
plate. The ventilator is fixed upon this plate with the flange of its 
largest nozzle. Before connection is made, the steam pipe must be 
thoroughly cleaned out with high-pressure steam, to prevent dirt 
or grit getting into the nozzles of the ventilator. This apparatus 
does not need any steam, when the fire is being started. To stop 
the action of the ventilator the steam valve is closed. These nozzles 
are also made of lead. 

Steam. Jet Exhausters. For the chemical and metallurgical in¬ 
dustries the lead exhausters of this type are of the greatest interest. 
They are constructed with side inlet for gas, and removable end 
covers to facilitate the removal of inside parts without disturbing 
connections. To give strength and wear to the steam nozzle it is 
lined with platinum or other desirable metal, or with hard rubber, 
to suit requirements. 

Fig. 104 shows an application of this apparatus for moving gases. 



A is the steam supply pipe; B the lead exhauster and blower; C the 
gas supply pipe; R is the chamber to which the gas is transported. 

Fig. 105 illustrates the application of an exhauster of this type in 
the manufacture of a solution of sulphurous acid. E is the ex- 
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hauster; F the sulphur furnace; G the tank. The admissible 
vacuum and counter pressure to which this apparatus is constructed 
is a rarefaction up to 20 inches of mercury or a counter pressure 
up to one seventh of the steam pressure. These exhausters may be 
placed horizontal or vertical, discharging upwards, downwards or 



Fig. 105. Application of Steam Jet Exhauster. 

horizontally. Traps in both the suction and discharge pipe must 
be avoided. 

Gas Montejus. A gas compressor with liquid piston, which is 
built by the Schutte and Koerting Co., Philadelphia, Pa., and is con¬ 
structed on the same principle as the automatic montejus, of which 
a detailed description is found in the chapter '' Transportation of 
Liquids,’'" is illustrated in Fig^. 106. As this apparatus can be built 
of lead, cast iron or any suitable material, it is especially adapted 
for the compression of such gases which attack the materials used 
in the ordinary compressors. 

Steel-plate Fans. These fans are usually used where it is desired 
to handle large volumes of air at a moderate velocity, as a rule not 
exceeding oz. per square inch pressure. They are designed to 
deliver a maximum amount of air with a minimum expenditure of 
power. Upon the design of scroll of the housings and the relative 
proportions of the blast wheels, together with its form, depends not 
only the amount of air per horse power the steel-plate fan is capable 
of delivering, but its quietness of operation. Inlets and outlets of 
a fan play a most important part in the question of economy of 
power. It will be readily seen, therefore, that it is a matter of vital 
importance that these details be perfectly in proportion. The stand¬ 
ard proportions of steel-plate fans described below, which are manu- 



112 appliancilS of chemical and metallurgical industries. 

factured by the Buffalo Forge Co., Buffalo, N. Y., have been adopted 
as the outcome of a series of experiments extending over a number 
of years with machines in actual use. 

These steel-plate fans are built of homogeneous patent leveled 
and rolled steel sheets, free from buckles and of the greatest stiff¬ 
ness. The fan cases are rigidly stayed by angle irons to prevent 
vibration. Base angle iron foundation frames are supplied. The 



Fig. io6. Gas Montejus. 


bearing brackets are bolted to heavy steel angle irons and the bear¬ 
ings are swiveled to prevent springing of the shaft when the ma¬ 
chine is bolted to a defective foundation; they are equipped with 
ring oiling bearings, having large wearing surfaces lined with genu¬ 
ine babbitt. The shafts are of cold rolled steel of large diameter. 

These fans are regularly built both right or left hand, and to 
deliver air in any of the following forms: bottom horizontal, top 
horizontal, up blast and down blast. They may be readily furnished 
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in all sizes to discharge in any one or two angles to suit all condi¬ 
tions of application. A very simple solution to an otherwise diffi- 



Fig. 107. Pulley Driven Steel Fig. 108. Special Discharge Fan 

Plate Fan. with Double Acting Engine. 


cult problem is often found by using a special double discharge 
fan (Figs. 107, 108, 109). 



Fig. T09. Motor Driven Steel Plate Fan. 
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Acid-proof Fans. In case it is desired to handle gases with the 
steel-plate fan, which not only must not escape even in small quan¬ 
tities, but which will have a chemical action on the fan itself, a lead- 
lined steel-plate blower or exhauster is made by the Buffalo Forge 
Co. with a cast-iron blast wheel and having flanged outlet and inlet, 
together with a packed shaft, to insure an absolutely tight outfit. 
This type of machine is illustrated in Fig. no. For strongly acid 



Fig. 110. Lead Lined Gas Exhauster. 


gas a cast-iron gas exhauster (Fig. no A) is built by the same 
firm. 

A rotary lead fan, which is built by the Schutte and Koerting Co., 
Philadelphia, is shown in Fig. in. An installation of this machine 
at the head of a system in a sulphuric acid plant is illustrated in 
Fig. 112. 

All of these acid-proof fans and exhausters are essential for instal¬ 
lations where a regular and constant draft is to be maintained under 
all conditions. 

Steel Pressure Blowers are designed and built by the Buffalo 
Forge Co. to withstand the strains of high-pressure duty. For sup¬ 
plying blast to cupolas, furnaces, forge fires, sand-blast machines, 
and for any work where air is to be forced for a long distance, as in 
pneumatic-tube systems, their utility needs no demonstration. 

The manner in which these blowers are constructed, and in which 
the bearings are affixed, adapts the machine for standing up under 
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continuous high-pressure service. A distinguishing feature of the 
construction is the solid peripheral shell, with the side plates securely 
fastened thereto. This allows a tight fit to be made, resulting in a 
blower of maximum strength and rigidity, greatly superior to those 
formed with a central putty joint. The long, adjustable bearings, 



Fig. iioa. Cast Iron Gas Exhauster. 


of the standard Bufifalo oil-ring type, are so carried as to preclude 
any possibility of incorrect alignment. 

Buffalo Compound Turbine Blowers. Though the scheme of 
compounding two or more stages in centrifugal pump design has 
been commonly resorted to by manufacturers to effect reduction in 
peripheral speed the idea has not been applied—in more than an 
experimental way at least—to centrifugal blowers. The principle 
of the design which allows a culminative pressure to be effected at 
the outlet rests on the fact that with a given design of wheel casing 
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and peripheral speed a fan will accomplish a certain number of 
ounces increase in pressure between the inlet and that in the dis¬ 
charge pipe. With two stages and a given diameter of wheel double 
the pressure can be obtained with the same speed necessary with only 
a single stage and blast wheel ( Fig. 113). 

B ” Volume Blowers and Exhausters. This type of blower is 



Fig. III. Lead Lined Fan. 

designed for larger capacities at lower pressures than the steel pres¬ 
sure blower. It makes a neat, compact, strong and highly efficient 
machine for installations where large capacities and small pressures 
are required and yet where a well designed steel-plate fan would be 
found to have too large a capacity. The more important uses are 
in forge shops, and supplying forced draft for boilers. The ex- 
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haiisters which are built with overhung' wheels making a free fan 
inlet meet the requirements of small outfits for the removal of refuse 



Fig. 112. Fan at Hi-:ad of Svstf.m. 

from emery wheels, buffing wheels, or the machines of any abrasive 
processes, also for removing smoke in forge shops. 


Fig. TT3. Compound Tupbinf. Blower. 
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The general design is the result of long experimenting to deter¬ 
mine the most efficient form and the structural details conforming 
to the highest standard of machine-shop practice. To the solid 
outer shell, which carries likewise the discharge orifice, are securely 
bolted two side plates, in which are formed the inlets or the inlet 
as the case may be. The bearings, which are so affixed as to insure 
perfect alignment, are of the standard Buffalo ring-oiling type, the 
excellent design of which enables the blowers to be run at continuous 
high speeds with but very little attention. 

Where it is necessary to have an absolutely tight blower or ex¬ 
hauster, such as when handling gases, the Buffalo B ” volume 
blower is fit with flanged connections and packed shaft, as shown in 
the illustration (Figs. 114, 115). 

Buffalo steel-plate planing mill exhausters are constructed of heavy 



Fig. 114. Standard B Volume Blower. Fig. 115. “L. P.” Gas Exhauster. 


steel plate, firmly braced and stiffened with angle irons. A heavy 
cast-iron pedestal entirely independent of the fan shell carries ihe 
pulley wheel and the improved ring-oiling bearings. These fans, of 
course, are built as exhausters, or in other words, with a single inlet 
orifice and overhung blast wheel. The latter consists essentially of 
a cast-iron hub, wrought-iron spider arms, conical side plates and 
steel-plate blades with backwardly curved tips, and is built with the 
greatest rigidity. When the material to be handled contains shav¬ 
ings of a long stringy nature, it is customary to provide a blast wheel 
specially constructed so as to prevent clogging of the blades. Ex- 
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haiist fans for handling the refuse from emery grinding are built 
with wheels and shell of extra heavy material. 

As indicated by the name of this special type of steel-plate fan, the 
most common application is for the purpose of exhausting shavings, 
sawdust and refuse from wood-working machines of all types. 

For the purpose of exhausting the dust from emery wheels, 
buffing wheels and from the machines employed in various abrasive 
processes, the Buffalo steel-plate planing mill exhaust fan is of the 
greatest utility. In the special case of emery exhausting, both the 
blast wheel and fan are constructed of heavy stock, in order to with- 



Fig. ii6. Steel Plate Planing Mill Exhauster. 

stand the wearing effect on the same. In no case should the same 
fan be employed to handle refuse from buffing machines and emery 
wheels. 

These exhaust fans are frequently employed in forge shops in con¬ 
junction with the Buffalo down-draft system of forge construction 
for the purpose of withdrawing the smoke and gases. In this sys¬ 
tem, all the piping, both blast and exhaust, is placed underground, 
affording practical indestructibility. Still another application that 
may be noted is the handling of cotton, wool and other textiles, as 
well as spent tan-bark in tanneries. The installation of such fans 
for the purpose of elevating and conveying cotton often proves of 
the greatest convenience and saving. Other uses of the same nature 
there are, too numerous to be mentioned here (Fig. ii6). 

Ventilating. Buffalo disk wheels are the product of a demand 
for a simple yet effective means of ventilating, cooling and drying 
in numerous situations. 
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The form of the Buffalo disk-wheel was adopted after exhaustive.! 
experimenting to determine the most efficient pattern, and as a clirC!Ol 
consequence of this the power consumption for moving any giv^vii 
volume of air is a minimum for this style of fan. The circumf<^^‘” 
ential scroll is of heavy steel plate, reinforced with cast-iron 
and brackets supporting the two bearings. These are of amplv 
length, lined with the best babbitt and furnished with adec|cin-te 
lubricating devices. The steel-plate fan blades are bolted to 
wrought-iron spider arms, which in turn are rigidly fastened to tliv 
cast-iron hub. An accurate running balance of the wheel, as w c‘ll 
as perfect rigidity of the whole machine, are features of importaneo. 
The high standard attained by Buffalo disk wheels is due, therefore, 
to perfection of design, material and construction. 

These disk wheels deliver air 



in a direction parallel to the axis 
of rotation and are unexcelled 
for all situations to which this 
type of fan is adapted. Among 
other applications, Buffalo disl< 
wheels are widely used for ven¬ 
tilating. In addition to such use 
in all manner of buildings, these 
wheels have proved theniselve.s 
of the greatest value tonumerouH 
industries, and indeed the variety 
of service to which they may be 
put is almo.st endless. In all 


cases where it is desired to effect 
a movement of air or vapor at moderate velocities with a minimum 
expenditure of power, Butfalo disk wheels will be found to fully 
meet every requirement (Fig. 117). 

Air Compressor. A very important appliance for conveying air 
or other gases at atmospheric or higher pressure is the air com¬ 
pressor. For heavy duty the “ straight line ” type of machine which 
IS built by the Ingersoll Rand Company, New York, is successfully 
used. It embodies the following features: positive movement of the 
air valve; cold intake air; cooling by complete surface jacketing; 
small clearance spaces; automatic regulation of speed and air pres¬ 
sure; high rotative speed; large bearing surfaces for shaft, crank 
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pins and cross head; automatic and copious lubrication of every 
bearing surface. Fig. ii8 shows the details of the piston inlet air 
cylinder of this machine. A is the circulating water inlet; B the 
circulating water outlet; C the water jacket drain pipe; D the oil 
hole for automatic oil cup; E the air inlet; F the air discharge; G 
the piston inlet valves; H the discharge valve; J the water jacket. 
Cold air is always passing through the ports, the tube is part of the 



r 

Fig. ii8. Details of Piston Inlet Air Cylinder. 


time outside, always surrounded by water-jacketed packing. Only 
the skin surface of the solid entering air body comes in contact, and 
then only for one fourth part of a second. Hence the tube, the 
piston and the valve are kept cool. 

Vacuum Pump. For the operation of vacuum evaporators, vacuum 
dryers, etc., the proper construction of the vacuum pump is of 
importance. A vacuum pump is really an air pump and differs only 
from an ordinary air compressor which compresses from atmos¬ 
pheric pressure to some higher point, in that it begins at say 28 
inches of vacuum and compresses to atmospheric pressure. To 
insure the opening of the valve at the proper time and to permit a 
relatively high speed of rotation the valve has to be mechanically 
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Operated. A sufficient cooling by means of water jackets is also 
importance. Fig. 119 shows a vacuum pump built by the Alber^<^^ 
Conderser Co., New-York, in which all possible loss by frictioi'i 
avoided and the ports and passages made especially large and direet. 
The detrimental influence of the clearance space is nicely prevented 



by the use of an equalizing port in the body of the mechanically 
operated valve, which, when the piston is at the end of the stroke 
connects the clearance space in front of the latter, with the cylinder 
space behind It The piston, on reaching the end of the stroke, has 
n front of it that air at atmospheric pressure which has not been 
discharged during the stroke through the outlet valve. By means 
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of the valve arrang:ement mentioned, however, the enclosed air is 
removed into the clearance space "before the piston begins its return 
stroke, whereby the efficiency is greatly increased. For producino* 
the highest possible degree of vacuum two-stage vacuum pumps 
are used. 

Positive Pressure Blower. For transporting large quantities of 
air at high pressure the positive pressure blowers are widely used in 
the chemical and metallurgical industries. Fig. 120 shows a machine 



built by the Coiinersville Blower Company. In these types the air 
is enclosed by the motion of the impellers into a space formed by 
the impellers and the casing, and is transported to the outlet opening. 
The working of this machine is so simple and is so well known that 
a detailed description is not necessary. 

Chimneys. Chimneys are required for two purposes : First, to 
carry off ohnoxious gases; second, to produce a draft, and so facili¬ 
tate combustion. The first requires size, the second height. 

Each pound of coal burned yields from 13 to 30 pounds of gas, 
the volume of which varies with the temperature. 

The weight of gas to he carried off by a chimney in a given time 
depends upon three things—size of chimney, velocity of flow, and 
density of gas. But as the density decreases directly as the absolute 
temperature, while the velocity increases, with a given height, nearly 
as the square root of the temperature, it follows that there is a 
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temperature at which the weight of gas delivered is a maxin^ 

This is about 550° above the surrounding air. Temperature, 

ever, makes so little difference, that at 550° above, the quant 

only four per cent, greater than at 300°. Therefore, height and 

are the only elements necessary to consider in an ordinary chix-aTiTc^yA 

The intensity of draft is, however, independent of the size^ ^uid 
depends upon the difference in weight of the outside and 
columns of air, which varies nearly as the product of the height i 
the difference of temperature. This is usually stated in an equi i 
lent column of water, and may vary from o to possibly two incheF^- 

After a height has been reached to produce a draft of suffici<^^^t 
instensity to burn fine, hard coal, provided the area of the chimneys 
is large enough, there seems no good mechanical reason for adding 
further to the height, whatever the size of the chimney reqtiii'^^d. 
WTere cost is no consideration there is no objection to building 
high as one pleases; but for the purely utilitarian purpose of 
making equally good results might be attained with a shorter cHim- 
ney at much less cost. 

The intensity of draft required varies with the kind and concliti< >t"* 
of the fuel and the thickness of the fires. Wood requires the 
and anthracite screenings the most The strong draft required T< >r 
burning the smaller sizes of anthracite coal necessitates a very raill 
chimney unless forced blast is used. 

Generally a much less height than 100 feet cannot be recoin- 
mended for a boiler, as the lower grades of fuel cannot be buriiod 
as they should be with a shorter chimney. 

A round chimney is better than square, and a straight flue bettor 
than a tapering, though it may be either larger or smaller at the top 
without detriment. 

The effective area of a chimney for a given power varies inversol3/ 
as the square root of the height. The actual area, in practice, shout Ic 1 
be greater, because of retardation of velocity due to friction again.st 
the walls. On the basis that this is equal to a layer of air two inclTOfs 
thick over the whole interior surface, and that a commercial horse 
pow’er requires the consumption on an average of 5 pounds of coa.1 
per hour, we have the following formulas: 

E= (0.3H/VA) =A—o.6^/A 


(I) 
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S=^l2^/E+4 (3) 

^ = i 3 - 54 V^ + 4 (4) 

h={o.zHyE) (5) 

in which /f —horse power; /j = height of chimney in feet; £ — 
effective area, and A — actual area in square feet; v? = side of square 
chiinnc}’, and D = diameter of round chimney in inches. 

To find the draft of a given chimney in inches of water: Divide 
J.6 bv the absolute temperature of the external air (ra = ^ + 460) ; 
divide 7.9 by the absolute temperature of the gases in the chimney 
-j-; subtract the latter from the former, and nmltiply 
the remainder by the height of the chimney in feet. This rule, ex¬ 
pressed in a formula, would be: 

d = /z( 7 . 6 /ra — 7 • 9 A 0 • 

T(9 find the height of a chimney, to give a specific draft power, 
expressed in inches of water: Proceed as above, through the first 
two steps, then divide the given draft pozver by the remainder, the 
result is the height in feet. Or, by formula: 

_ 

' 7 .(> _ 7-9 

To find the maximum efficient draft for any given chimney, the 
heated column being 600° F. and the external air 62° : Multiply the 
height above grate in feet by .007, and the product is the draft pozver 
in inches of zvater. 

The external diameter of a brick chimney at the base should be 
one tenth the height, unless it be supported by some other structure. 
The “ batter” or taper of a chimney should be from one sixteenth 
to one fourth of. an inch to the foot on each side. 

Thickness of brick work: one brick (8 or 9 inches) for 25 ft. 
from the top, increasing one half brick (4 or 4I inches) for each 
25 ft. from the top downwards. 

If the inside diameter exceed 5 ft. the top length should be li 
bricks, and if under 3 ft. it may be one half brick for ten feet. 



CHAPTER VIIL 


GRINDING. 

The grinding of raw materials and finished products is of such 
importance for the industries that the selection of the proper con¬ 
struction has to be made with the greatest care. It depends upon 
the nature of the material to be handled, the capacity required and 
the fineness desired, what kind of mill is to be used. The selection 
of one of these machines is greatly facilitated by the experimental 
stations which are installed in the shops of nearly all the large 
manufacturers of mills and are at the disposal of the customers. 

Generally speaking, the grinding appliances can be divided into 



Fig. I2I. Gyratory Crusher. 


machines for crushing and coarse grinding and in machines for the 
production of a fine powder. 

Gyratory Crushers. The gyratory type shown in Fig. 121, which 
is used in almost all the cement mills and other industries, consists 
essentially of a vertical spindle, on the upper end of which is 
mounted a chilled iron crushing head that moves inside a hopper- 
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shaped top, into which the rock is fed. The bottom of the spindle 
passes loosely through an eccentric, driven from a horizontal shaft 
by bevel gears. The spindle, therefore, has a gyratory motion, and 
may or may not rotate on its own axis. As the head, running 
eccentrically, approaches and recedes from the side of the hopper, 
the stone is gradually crushed and falls down between the crushing 
surfaces. The stone must be broken by hand to a convenient size 
to feed into the hopper. A crusher having a hopper about 40 inches 
in diameter and a crushing head about 20 inches will have a stroke 
of approximately § inch. 

The horse power necessary to drive averages 1.2 times the tons of 
rock crushed by hour, figuring on rock of moderate hardness. A 
crusher of this type is suitable for individual belt drive. Sometimes 
two or more crushers are belted to one motor, though this is not the 
best practice, as all crushers must be stopped when the motor is shut 
down. Gearing is not suitable for these machines, as the driving 
gear would be subject to a severe strain should the crusher become 
clogged with rock. 

Crushing Rolls. These machines are built with plain or corru- 



Fig. 122. Crush IXG Roll. 


gated rolls. Their construction is easily understood from Figs. 122 
and 140. 

Jaw Crushers. In this type the pressing force of a moving jaw 
is utilized for crushing the material. This is a simple and eflfective 
crusher of moderate cost, capable of crushing the hardest material. 
It is illustrated in Fig. 123. 

Open-door Crushers. The open-door rotary fine crusher shown 
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ill Fig. 124 is built by the Sturtevant Mill Co., Boston, 

capacities from 1,000 pounds to 35 tons per hour. In this 

which is widely used for soft and moderately hard materials, e’very 



Imc. 1J3. Jaw Crusher. 


part of the interior is easily accessible for replacement and in- 

spection. 

Stamp Mills. The stamp mill shown in Fig. 125 is about the 
oldest and, —j.. *^1 



--t- v^rr.ix I^OOR CRUSHER. 


attendance requires very little 
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material is not ground to the greatest fineness, is the disintegrator 
shown in Figs. 126 and 127. This mill, which is built by the Kent 
Machine Co., Brooklyn, N. Y., is used for reducing to powder such 
substances as borax, alum, sulphur, paris white, whiting, litharge, 
glue, gums, rosin, sugar, starch, potash, dry colors, etc.; also for 
mixing together dry materials, as fertilizers, dry colors, etc. This 
machine is of very simple construction and can be operated by un¬ 
skilled labor. It consists of four steel cages running at a very high 
speed in opposite directions. The material is fed into the center of 
the machine through the hopper shown, and the centrifugal • force 



Fig. 125. Stamp Mill. 

is such as to drive it out through the steel bars, which, going at the 
speed they do, and in opposite directions, pound the material to 
powder. 

Chaser. For crushing lumpy materials in a dry or semi-dry state, 
such as oxide of copper, glass, etc., and for mixing white lead, 
mortar, etc., the chaser shown in Fig. 128 is used. This machine, 
which is manufactured by the Kent Machine Works, Brooklyn, 
N. Y., is strongly and substantially built, and is complete and self- 
contained. Both pan and runner are cast iron turned smooth. The 
material is discharged through a gate in the side of the pan, in 
10 
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which scrapers are so arranged that they will discharge the finished 
product while the machine is running. 

A similar construction is the Chilean mill, which is widely used 
in the metallurgical industries. In this type the pan revolves, while 
the runner does not change its place, revolving only around its 
own center. 

Stone Mills. For fine grinding of dry and wet materials the 
stone mills are exceedingly adapted. They generally consist of two 



Fjg. 126. Disixtegkator. 

horizontal stones (either top or bottom runner, with or without 
cooling). The material to be ground is fed to the mill from a 
hopper on top of same and is transferred by centrifugal force to 
the effective part of the stone. 

Some of the most excellent mills of this type are built by the 
Kent Machine Co., Brooklyn, N. Y. Fig. 129 shows a group of. 
three modern water-cooled mills, mounted on a cast-iron bedplate, 
driven with one counter-shaft, each mill being provided with a 
friction clutch, so they may run collectively or independently. The 
mixer pot on top of each mill is of cast iron and fitted with a 
stirring device. 
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Fig. 130 illustrates a modern grinding mill for lead and heavy 
paste. This machine is built by the above concern with either Buhr 



Fig. 127. Disintegrator Showing Interior Mechanism. 

or Esopus stones, either plain- or Avater-cooled. The top stone is 
hinged and adjustable, and fitted with a hopper if desired. 
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Fig-. 131 shows the tandem mill for grinding leads and heavy 
pastes. These mills are built water-cooled with Esopus or Buhr 
stones and are furnished single or in groups of three, mounted on 
a heavy cast-iron bedplate, a group of three comprising six mills 
in all. 

When built in groups of three, an especially designed skew bevel 



gear is used for operating each mill. Each mill is also driven with 
a friction clutch, so that they may be run independently or collec¬ 
tively. Feed pots are also provided, if required. 

Ball Mills. In cement works these mills take the output of the 
crushers and reduce it to a coarse grit. The mill consists of a drum, 
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having- a diameter of about double its length, filled with steel balls. 
The drum revolves on a horizontal axis, at a speed of from 21 to 
27 revolutions per minute. The lining of the drum is made up of 
overlapping steel plates, which form steps. As the drum revolves, 
the balls drop over the steps, pounding the material to pieces. 

Tube Mills. The tube mill consists of a wrought-iron tube 
mounted as a shaft by the attachment of heads so formed as to 
make trunnions, which rest in bearings at both ends. A large gear 



Fig. 130. Grinding Mill for Lead and Heavy Paste. 


attached to the tube and a pinion attached to the pulley shaft make 
the actuating device. The tube is lined with silex stone, and is 
about one half filled with flint balls. The enormous grinding sur¬ 
face thus provided permits of a very slow speed of rotation, 22 to 
27 turns per minute, according to the size of the machines. The 
trunnion at the feed end is hollow, and a screw conveyor carries in 
the material. By simply regulating ■ the feed, any degree of fine¬ 
ness, even to impalpable powder, may be obtained. Fig. 132 shows 
the tube mill built by F. L. Smidth and Company, New York. 

Fig. 133 shows the spiral feed and discharge, which are the char- 
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acteristic features of the tube mill of the Abbe Engineering 
Compaii}'. 


Kominuters. The kominuter is the latest development on the line 
of low-speed coarse grinders. It combines to some extent the best 
features of the ball mill and the tube mill, resulting in increased 



Fig. 131. Tandem Mill, 


capacity per horse power, and a decreased cost of repairs over ball 
mills; compared to a ball mill having the same volume of grinding 
room, and requiring approximately the same horse power, the 
kominuter can carry more balls than the ball mill; it has also more 
screen surface and of a higher efficiency per square foot than the 
ball mill, the wire cloth being the same in both cases. The kom 
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inuter gives a higher output per horse power than the ball mill, is 
self-contained, is provided with automatic feed, and automatically 
returns to the mill the tailings from the screens. Fig. 134 shows 
a koniinuter built by F. L. Sniidth and Co., New York. 



Fig. 132. Tube Mill. 


Griffin Mills. These mills arc used for the fine grinding of 
cement and other materials. The mill shown in Fig. 135 is driven 
from a pulley at the top, revolving at a vertical axis. The power 
is transmitted to a vertical shaft, which is hung from a universal 
joint inside the pulley, and is free to move in any direction at the 
bottom. A crushing roll is rigidly connected to the bottom of the 



Fig. 133. Spiral Feed and Discharge. 


shaft. When the pulley revolves the crushing roll is thrown off 
center, and revolves against a fixed ring or die with a centrifugal 
force of about six thousand pounds pressure. The grinding is done 
between these two surfaces. Two distinct actions on the material 
to be ground are obtained; the roll revolves against the die in the 
direction of the pulley, and this contact causes the roll and shaft 
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to revolve around their own axis in an opposite direction. These 
mills are best adapted to belting, and may be driven from a vertical 
motor, or a horizontal motor with a quarter-turn belt. The Griffin 
mill is manufactured by the Bradley Pulverizer Co., Boston, Mass., 



in two sizes, 30-inch and 36-inch, designated according to the diame¬ 
ter of the ring against which the crushing roll revolves. A new 
mill has been brought out by this firm, called a Three-Roll Griffin 
Mill. This is similar in its action to the standard mill, but, as the 
name implies, has three crushing rolls instead of one. 

Fuller Lehigh Mills. These are called Fuller mills. They are 
used on the same material as the Griffin mill, described above, and 


IL 
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the grinding is done by four unattached chilled-iron balls, about 9 
inches in diameter, that are propelled by four equidistant horizontal 
arms or pushers radiating from a vertical central shaft. The orbit 
is a circular die, against which the balls exert great pressure, since 
they weigh about 112 pounds each and revolve at about 210 r.p.m. 
The main shaft is driven from a pulley mounted at the bottom 
below the grinding level. This mill, which is shown in Fig. 136, 
is built by the Lehigh Car Wheel and Axle Works, Catasauqua, Pa. 

Kent Pulverizer. The Kent pulverizer, which is also widely used 



Fig. 135. Griffin Mill, 


for coarse and fine grinding, is illustrated in Fig. 137 in a sectional 
view. The ring revolves and the three rolls press against its inner 
face. These are the only four wearing parts. The rolls are convex 
and the ring is concave and tracks are provided on the rolls. The 
springs support the rolls yieldingly and the rolls support the ring, 
so that the four crushing parts are free to move to pass iron or 
uncrushable objects and are cushioned to take up shock and vibra¬ 
tion and prevent crystallization or breakage. The rock falls from 
the inlets to the inner face of the ring. Centrifugal force holds it 
there in a layer an inch deep. It revolves with the ring, and passes 
under the rolls. The rolls are pressed by the springs outwardly 
against the rock on the ring with a pressure adjustable to 20,000 
lbs. by the screws against the springs. The rolls roll over the rock, 
crushing it against the ring. The crushed rock flows off each side 











Fig. 136. Fuller Mill. 


wearing parts. This mill is built by the Kent Mill Co., New York. 

Raymond Mills. A mill which is widely used in the industries 
on account of the convenient accessibility to its inner parts is built 
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by the Raymond Brothers Impact Pulverizer Company of Chicago, 
Ill.; for grinding finer than to lOo-mesh air separators are attached 
to this mill, as illustrated in Fig. 138. 

Aero Pulverizer. For pulverizing coal and for transporting the 
coal dust mixed with the amount of air necessary for combustion 
to a kiln or furnace the so called aero pulverizer shown in Fig. 139 
is successfully used. • This machine consists of three interiorly com¬ 
municating chambers of successively increased diameter, in which 
revolve paddles on arms with correspondingly increased radii. These 
three chambers are in fact three separate pulverizers on a single 



axis, each succeeding pulverizer having longer arms and therefore 
greater speed at the periphery, and greater power for fine pulveri¬ 
zation. The fourth chamber contains a fan whose function it is to 
draw the more finely pulverized material successively from one 
chamber to the other and finally to deliver it through a pipe connec¬ 
tion to the furnace on the impetus of a forced draft. The three 
pulverizers and fan are enclosed in one steel cylinder. A regulable 
feed device accurately controls, and by moving a lever varies the 
quantity of coal admitted to and delivered by the machine. Two 
regulable inlets in the feed device admit the air required for pulver¬ 
izing purposes. An auxiliary inlet between the third work chamber 
and the fan is controlled by a damper and admits such additional air 
as is required to bring the total air supply up to the theoretical 
requirement. The auxiliary air is intimately mixed with the pul- 
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verized coal in the fan chamber. These machines are built bv the 
Aero Pulverizer Co. of New York. 

Coal and Coke Crushers. The use of bituminous coal and appli¬ 
ances for spouting to boilers and stoking necessarily called for 
devices to reduce the lumps to a proper size. 

Fig. 140. The Link-Belt standard two-roll crusher. It will reduce 
run-of-mine bituminous to and under. 

With the Link-Belt fluted two-roll crusher for fine crushing, the 



Fig, 140. 2-Roll Crusher. 


rolls are geared to run at differential speeds, so as to produce a tear¬ 
ing action on the lumps; it reduces oven coke to domestic size. 

The Link-Belt disintegrator is employed for very fine crushing 
of coal as required in cement works and in by-product coke oven 
plants. Used in adddition to a crusher so that run-of-mine coal can 
be reduced to ■}/' and under. For the best results, either stationary or 
power screens should be placed between crusher and disintegrator. 







CHAPTER IX. 


MIXING MACHINES. 

The kind of mixing machines to be used in a manufacturing 
process depends upon the thoroughness of the mixture required. It 
is evident that with an unequal mixture of two materials supposed 
to undergo a chemical reaction with each other, at one point the one 
substance, at another point the other will be in excess, causing a 
lack of uniformity in the process. Before the materials are mixed 
their correct weight has to be determined. 

Scales. Fig. 141 represents an automatic scale for pulverized 
material with feeding device and sifter attached, as built by Werner 
and Pfleiderer, Saginaw, Mich. The operation is very simple; after 
the correct weight has been set on the scale beam, the starting rod 
is pulled. The feeder operates until the desired amount has been 
deposited in the scales, then stops automatically. These scales are 
also supplied without sifter. 

An automatic scale for water and other liquids, built by the same 
firm, is shown in Fig. 142. 

Mixers. The mixing appliances are classified as follows: Mixers 
for (i) solids, (2) solids and liquids, (3) liquids, (4) liquids and 
gases, and (5) gases. 

The best and at the same time simplest mixing machines for dry 
and wet solids are built by Werner and Pfleiderer, Saginaw, Mich. 
On account of the rapidity of operation and thoroughness of mix¬ 
ture obtained, these machines are used quite extensively. 

In selecting the proper size of these machines the most difficult 
mixing process can be performed in the most successful manner. It 
is to be mentioned that these machines are used not only for mixing 
dry, but also wet materials, in which case they also act as kneading 
machines. The special features of these mixers and kneaders are 
as follows: 

I. The peculiar kneading blades (mixing and kneading arms), 
which possess different forms according to requirements, and which 
revolve in two hollow semi-cylinders, intersecting in each revolution 
successively every point on the surface of the surrounding cylinder, 

142 
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SO that no particle of the material can escape getting into the action 
of the blades. 

2. The reversing apparatus, by which the blades are made to 
revolve either backwards or forwards, whereby the process of mixing 



Fig. 14T. Automatic Scale for Pulverized AIatertal. 


and kneading is accelerated and the discharge of the material greatly 
facilitated. 

3. The troughs of the machines, which are shaped according to 
the requirements of the material to be treated and which are mounted 
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SO low that all materials can be charged and discharged conveniently. 

These kneading and mixing machines are of very solid construc¬ 
tion and usually built in iron and steel. For materials, however, 
which should not be brought in contact with iron or where the 


h 



Fig. 142. Automatic Scale for Liquids. 


machines must be protected from the effect of acids, etc., the trough 
and blades of the machines can be galvanized, made of bronze or any 
other suitable material, and where iron must not work against iron 
the blades are made in brass. In cases where the materials to be 
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treated produce a severe wearing effect upon the trough and blades 
the trough is fitted with a movable lining and specially protected 
blades are provided. 



Fig. 143- AIixing and ICneadixg iM.\cHiNE. 


The blades may be constructed hollow and the trough jacketed to 
permit heating by steam or cooling by cold water. Such arrange¬ 
ments are applied where materials (gutta-percha, chewing gum. 



Fig. 144. Masticator. 


11 
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chocolate, licorice, etc.) require heating to facilitate the proc^^^^ 
mixing and masticating, or where cooling of the material is coiisicl- 
ered necessary or desirable. 

These machines are constructed with slow as well as fast 3peed 



Fig. 145 . AIixer for Hand Tilting. 


and also with an arrangement for two speeds so as to suit: the 
numerous requirements of various industries. They are buiilt in 
three strengths: Class BS (gears on one side) are strong maolT^ines 



for kneading and mixing every description of rubber cements, cru¬ 
cible paste, ointments, oils and powders. 

Class BB (gears on both sides of trough) are adapted for the 
manufacture of pill masses, red and white lead, stiff putty, smolcdess 
gunpowder, etc. 
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Class BBB and C, the very strongest and heaviest built machines, 
are employed for very tough masses and where occasionally extra- 



Fig. 147. JNIixer with Low Trough. 


ordinary sudden jerks and resistance are encountered as with gutta 
percha, india rubber, linoleum, celluloid, etc. 

In the machines shown in Fig. 143 the trough can be taken apart 
with great ease, hence the trough and working parts can be cleaned 



Fig. 148. Paper Pulping Machine. 


and washed as scrupulously and perfectly as may be desired. For 
discharging contents it can be tilted as shown in the cut. 

The type “ Masticator'' shown in Fig. 144 is a special construction 
for the kneading, masticating and malaxating of very tough masses. 
The trough and blades are constructed for heating by steam; only 
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two connections have to be made, one for steam inlet and the other 
for the waste steam. For cooling purposes cold water may be 
turned on same fittings instead of steam. In view of the great 
resistance to be overcome in treating very stiff materials, these mas- 



Fig. 149. Agitator, Style A. 


ticators are Ter, strong], bailt. The discharging of the material is 

effected by raising a flap door in front of machine. 

Fip. 145 and 146 are very rigid, all around useful types Fie 
145 IS tilted by hand by means of a crank. Fig. 146 has power 
Iting arrangement, which is set in action by a foot or hand lever, 
ig. 145 can be fitted with special arrangement for mixing- at fast 
and medium speeds materials, the consistency of which changes 

during the treatment. These types are built with a capacil:3. frtm 
20 to 150 gallons. 

The distinctive feature of the machine shown in Fig. 147 
the trough hangs very low in its frame, thereby rendering the ohs..,. 
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ing and discharging of the machine more easy and convenient than 
with any of the other types. There are no steps needed and the 
attendant docs not have to stoop to get access to the working parts 
inside the trough. The madhne illustrated has hand tilting gear, 
aided by counterweights, which makes the tilting arrangement by 
hand very easy and convenient. This machine, which is built in 



Fig. 150. Agitator, Style B. 


sizes ranging from a capacity of 20 to 290 gallons is also built 
with power tilting arrangement, which is set in action by a foot or 
hand lever. 

Fig. 148 illustrates tlie Universal Paper Pulping Machine built by 
the same concern. This machine consists of a trough with two 
hollow semi-cylinders in which revolve two agitators. These agita¬ 
tors intersect in each revolution successively every part of the surface 
of the surrounding cylinder so that no particle of the paper stock 
can escape getting into the action of the agitators, which tear it up 
and pulp it as thoroughly as may be desired. 
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This machine disintegrates all kinds of paper. It preserves and 
separates the fiber without breaking it and produces a pulp which 
can be made into very strong and highly finished paper. 

Mixing of Liquids, Fats, Lumpy Materials, etc. For mixing 
light and heavy liquids, etc., preferably kettles are used which are 
provided with agitators. A great variety of these agitators is built 
by H. W. Dopp Company, Buffalo, N. Y. The agitators are fur- 



Fig. 151. Agitator, Style C. 


nished driven by hand, belt, steam, electric power and by bevel gears 
and clutch direct from overhead shaft. 

In the machines built by this firm the agitators can be raised and 
lowered at will, which greatly facilitates removing of the contents 
or cleaning of the kettle. Tlie machine shown in Fig. 149 is exten¬ 
sively used in the soap industry on account of the rapidity with 
which the kettle can be cleaned and cooled. The agitator shown in 
Fig. 150 is especially adapted for mixing and agitating light mate¬ 
rials, where it is desired to assist evaporation by agitation, or to 
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keep a substance agitated to prevent burning. The construction 
illustrated in Fig. 151 is used for mixing light but lumpy materials 
and is provided with an additional sweep arm, which has a tendency 
to break up the substances being mixed. Fig. 152 shows a double 
motion mixer (bracket type) : the outside sweep with attached arms 



Fig. 152. Agitator, Style D, Bracket Type. 


revolves in one direction, while the center shaft and arms revolve in 
the opposite direction and at twice the speed. For mixing heavy 
materials the double motion agitator, shown in Fig. 153, is used. In 
this construction the bridge type of drive is applied to obtain the 
additional strength necessary to mix heavy material in batches of 
100 to 500 gallons. 

The description of the cast-iron, seamless, steam-jacketed kettles, 
which are used in connection with these agitators, is contained in 
Chapter XTII. 

Mixing of Gases and Liquids. A very convenient apparatus for 
performing this operation and for stirring liquids by means of air 
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is the steam jet blower manufactured by the Schutte and Koerting 
Co. The action of the steam jet agitator is based upon the fact 
that a steam jet issuing* from a small nozzle into a larger carries 
along the surrounding air and gives this air a velocity sufficient to 
overcome a pressure of fully eight feet of water. The air escaping 
with great force from the holes in the pipe fixed at the bottom of 
the tank, causes a violent agitation of the liquid surrounding it and 



Fig. 153, Dopp’s Agitator, Style D, Bridge Type. 

stirs up and drives in all directions any solid matter or precipitates 
resting at the bottom. Compared with air pumps, these apparatuses 
have advantages that give them preference wherever applicable. 

The agitator is best placed so that its head stands above the high¬ 
est level of liquid. The distributing air pipes have two rows of 
holes equally distributed and pointed downward. The number of 
these holes are fixed by the rule that the combined area should equal 
twice the area of the air pipe of the agitator. The diameter of 
holes should not exceed f inch. 

The agitating arrangement is especially useful in chemical works, 
where the operation of stirring is frequently of importance. Fig. 
154 shows the application of such an agitator. In this case the 
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pipes are made of lead and rest on lead supports to give clearance 
between pipes and bottom of the tank, so that the air can blow 
against the bottom of the tank and keep the solution in circulation. 




Fig. 154. Application of Steam Jet Agitatof. 


Another example for the mixing of gases and liquids is the pro¬ 
duction of sulphuric acid, as shown in Fig. 155. A is the absorp- 



Fig. 155. Sulphurous Acid Plant. 


tion chamber with spray nozzles; B the blower for air supply; C 
the cooler; H the hopper; P the pumping outfit; 5 ' the sulphur fur- 
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nace; T the storage tank. In this apparatus the blower forces the 
combustion air to the furnace, the sulphurous acid gases pass 
through the cooler to the absorption chamber, where the 
absorbed by the atomized water; the water pressure is created by 
a pumping outfit, if there is not already pressure water at disposal. 
The absorption chamber is so arranged that the gases have to pass 
up and down, being on their way absorbed by the atomized water. 



CHAPTER X. 


FIRING AND FURNACES. 

Producer Gas Firing. In the last ten years great strides have 
been made in the application of producer gas for fuel purposes, and 
it has been found that the use of this gas in place of direct firing 
with coal presents the following advantages: 

1. While with direct firing it is impossible to get a complete com¬ 
bustion, this result can be easily obtained by using producer gas. 

2. Even with the lowest grades of bituminous fuels a practically 
smokeless combustion is obtained by transforming such fuels into 
producer gas. 

3. With gas firing the temperature is easily regulated and kept 
con St ant- 

4. With producer firing the waste heat of the products of com¬ 
bustion can be utilized for preheating the combustion air or the gas, 
whereby a considerable saving in fuel is effected. 

5. With producer gas firing a slight excess of either air or gas 
can be used, if so desired, for obtaining an oxidizing or reducing 
flame, which is of special importance to the chemical industries. 

6. With producer gas firing the material to be heated does not 
come in contact with the solid fuel or ashes. Thence, for instance, 
in using gas in a lime kiln a purer product will be obtained than 
with direct firing. In using producer gas under a boiler the life 
of the latter will be prolonged on account of the purity and uni¬ 
formity of the flame. 

7. Less skill is required for taking care of a gas-fired installation 
than of a direct fire. 

8. Producer gas firing is especially adapted for central stations, 
as the gas produced in one producer or in a battery of producers 
can be distributed through pipes to a large number of furnaces. 

The advantage of gas firing over direct firing is obvious, and 
can be easily understood from Fig. 156. The top view shows an 
ordinary direct fireplace for coal, to which the fuel is charged 
through a side door. The latter fact makes it difficult to keep up 
a fuel bed of uniform thickness all over the grate. The bottom 


155 




156 APPLIANCES OF CHEMICAL AND METALLURGICAL INDUSTRIES. 


j)m£cr rm//^G 




view shows a gas producer into which the coal is fed from the top 
by gravity, which is undoubtedly a more rational and convenient 
way, whereby at the same time a fuel bed of uniform thickness can 
be maintained without difficulty. 
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A comparison of these two illustrations further shows that there 
is nothing complicated in a gas producer and that the same can be 
defined as a grate fire carrying a fuel bed of considerable thickness, 
say of three feet. It does not matter whether the grate is formed 
by bars or ashes. 

The manufacture of producer gas consists mainly in drawing 
by means of natural draft or a fan, or by blowing by means of a 
blower, air through a fuel bed of certain thickness. The entering 
air combines with the carbon of the bottom layer to carbon dioxide 
(carbonic acid), which is a gaseous, non-combustible product of 
complete combustion identical with the gas escaping from our chim¬ 
neys. This gas, by going through the upper layers of the fuel bed, 
forms a chemical combination with the carbon of these layers and 
is reduced thereby, the result being the formation of carbon mon¬ 
oxide, which is a combustible gas, and is called producer gas. On 
account of the air blown through the fuel, this gas necessarily con¬ 
tains a certain amount of nitrogen. 

The gas producer shown in Fig. 156 is a rather old design; the 
producers in use at present show many improved features, thence 
higher efficiency. It has been found that by blowing in place of 
air a mixture of steam and air through the fuel bed, a gas of much 
higher thermal value is obtained. It has been also found that the 
attendance necessary for running the producer is considerably re¬ 
duced if, instead of supporting the fuel bed upon a grate, a so-called 
water seal is used, the fuel bed being supported by its ash. One 
of the most widely used producers of this style, the Bradley Water 
Seal Gas Producer, wdiich is manufactured by the Duff Patents Co., 
Pittsburg, Pa., is shown in Figs. 157 to 160. Fig. 157 is a section 
showing top of grates and locations of steam jet blowers. Fig. 
158 is a top view and Figs. 159 and 160 arc sectional views. This 
producer, which is extensively used in chemical and metallurgical 
works, is very simple and efficient. The coal is completely burnt 
into white clean ash, which is simply shoveled out of the water- 
sealed bottom by unskilled labor. The operation is continuous, and 
as one man can attend to a number of producers, nearly automatic. 
The sensible heat of the ashes is utilized in the producer for the 
formation of steam and vapor, which rises through the fuel, softens 
the ash considerably, assists in preventing the formation of clinkers 
and enriches the gas by its decomposition into hydrogen and oxy- 
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gen, the latter combining with the carbon of the coal to carbon 
monoxide. Hence the vapor rising from the ash troughs decreases 
the quantity of steam required for blowing. 

No air can escape from the blowers up the sides of this producer. 
The air is properly distributed through numerous slots covering* a 
large area, which results in an even and uniform combustion of the 



coal and the absence of holes in the fire. There is no loss of gas 
by leakage, the gas being completely sealed by the water seal. 

The special feature of the Bradley producer, which makes this 
construction very desirable, is the use of four blowers and four 
grates. It is to be stated that, while only two grates are shown in 
the cut, a dividing plate is provided between each grate, which 
practically makes four independent grates. For instance, should 
the fire get too hot at either of the end walls running parallel with 
the grate, the blowers controlling those halves of the grates are 
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closed down partly or entirely, as the case may require. This 
applies also to the center halves of the grates, which are controlled 
and regulated in the same manner. Hence an absolute control of 
the condition of the fire is effected by the regulation of the steam 
and air blast. This design also prevents the formation of an un¬ 
even fuel bed, thereby reducing the poking of the fires to a mini- 



<] 
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Fig. 158. Bradley Producer. 

mum, the result being a better and a more uniform quality of 
the gas. 

Producer Gas-fired Boiler Plant. Fig. 161 shows a boiler instal¬ 
lation provided with gas producer firing. It is easily understood 
that a battery of boilers can be heated by a battery of producers 
and that the boilers can be at any distance from the producers. In 
the plant shown in the illustration the producer gas goes at first to 
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the gas sewer h, which is connected by valves v with the gas dis¬ 
tributing channels a, one of the latter being arranged below every 
combustion chamber h. Thence by closing a valve any boiler can 
be disconnected from the firing and the quantity of gas to be admit¬ 
ted to the boiler be regulated. Above the channel combustion 
chambers b are provided, into which the gas enters by a number 



of openings or tuyeres d from the channels a. In the combustion 
chambers h the gas is mixed with the air required for combustion. 
The latter enters through channels, goes through channels / (in 
the side walls of the combustion chamber) downward to the open¬ 
ing IH-y through which it enters at both sides of the tuyeres d and 
is burned. Above the chambers h there are arranged chambers c, 
which are separated by an arch from the boiler tubes. Thence the 
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fire gases before touching the tubes have to pass two chambers, 
first the combustion chamber proper and then the upper combustion 
chamber, whereby a complete combustion of the gas is obtained. 
The arrangements of the channels / prevent a loss of heat by 
radiation. 

Coal is charged into the producer every half hour, which is a 



simple operation; in fact, unskilled laborers are used everywhere 
for attending to producers, which means also a saving compared to 
direct firing, where skilled firemen have to be employed. Further 
advantages are the possibility of using low-grade fuel without inter¬ 
fering with smokeless combustion. 

Producer Gas-iired Lime Kiln. An installation of this type is 
shown in Figs. 162 and 163. Being under pressure, the gas is 
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equally distributed over the entire area. The air arrives on account 
of the high temperature at the place of combustion under a certain 
pressure which prevents the drawing in of excess air and effects 
the uniform distribution of the air as well as of the gas. The com¬ 
bustion of the producer gas by the air is taking place between and 
above the gas inlets. 

With such a producer gas installation a very uniform heat is 



obtained, the utilization of the heat is far superior to direct fire, 
and a great saving in the fuel consumption is effected. Further 
advantages are the production of pure material and longer life of 
the shaft. 

Producer Gas-fired Reverberatory Furnace. Reverberatory fur¬ 
naces are widely used in the industries for melting, glowing, roast¬ 
ing and various chemical and metallurgical operations. Most of 
these furnaces, however, are at present still heated by direct firing, 
causing a great waste by fuel. 
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By providing such a furnace with producer gas firing, as shown 
in Fig. 164, a saving of 30 per cent, of fuel is effected. The change 



from direct fire to gas fire consists mainly in the addition of the 
gas producer and recuperator between furnace and chimney. The 
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recuperator consists mainly of a system of fire clay pipes e , which 
connect the flue b with the chimney E. This pipe system is built 
into a wider channel L, in which the air required for the combustion 
of the producer gas is introduced at I, The air goes in channel L 
around the pipe system as shown in the cut by arrows, absorbs the 
heat of the escaping fire gases and carries this heat back throiio-li 
the furnace to the channels and openings i. These channels are 
connected with the hot-air chamber L of the recuperator bv air 
slits or air channels V, In these air slits, which are- arraiio*ed 
throughout the width of the furnace arch, the air is brought to a 
still higher temperature. Thence at the fire bridge incandescent 
producer gas is mixed with incandescent air, causing a perfect coni- 



FiG. 164. PRODUCERGAS FiRKD RkVERIJERATORY FuRKACE. 


bustion. In w^orking wuth a reducing flame the combustion is nearly 
smokeless. It gets perfectly smokeless by the use of a slight excess 
of air. 

The saving is effected by higher temperature obtained, by the 
recovery of the heat in the recuperator, by reducing the radiation 
of the fireplace, by the exact regulability of the firing, and the per¬ 
fect combustion. The iife of the fire brick work is considerably 
prolonged. 

In installations where a temperature of 2000° F. to 3000® F. is 
required the gas and air have to be highly preheated before they 
are allowed to combine. This is effected by leading both the air 
and the gas through- highly heated fire brick checker work con¬ 
tained in a chamber. There are generally provided two chambers 
for heating the air and two for heating the gas. While one of 
each chambers is used for heating, the other is heated b}^ the waste 
heat of the products of combustion. So-called reversing valves are 


166 APPLIANCES OF CHEMICAL AND METALLURGICAL INDUSTRIES, 


used for alternately connecting* the chambers with the gas and . 
supply pipe. 

Producer Gas-fired Muffle Furnaces. In coal-fired muffle fi 
naces the combustion products escape at very high temperature af 
heating the muffle, which means a considerable loss of heat. Pi 
ducer gas firing is much more economical in such a furnace, as t 
waste heat can be used advantageously for preheating the combi 
tion air. Furthermore the sensible heat of the brick walls can a 



be utilized for preheating air by providing suitable air slits. Fi, 
165 shows a producer gas-fired muffle furnace in vertical sectio 
horizontal section through the muffle proper, and a horizontal se^ 
tion through the recuperating apparatus. 

The furnace shown in the cut is provided with two producer 
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The gas goes through openings 0 into the fire space / siirround*-- 
the muffle. At the entrance the gas is mixed with hot air 
is led to these points through channels / between the cV-w-' 

from the recuperator. The gas flame rises upwards, pla\-c; awr--* 
the muffle arch and goes downwards, heating the bottom o- 
muffle. Then the products of combustion—still verv 
through pipes r to the flues leading to the stack. r 

are built into wider channels m, into which air is led throu^’- 
ncls /. This air plays around the pipes r opposite to the fl-:-- 
direction, and is heated by absorbing through the pipe walls fl-e 
of the combustion products. The highly preheated air tinallv 
through channels n into pipes /, which lead to the fire space 
arranged between the gas pipes. 

For effecting a uniform heating of the muffle, the producer 
can be led into the fire space also at a second and third ulace. 2 -r 
the sensible heat of the brick walls utilized for preheating fine 
necessary for oxidizing this quantity of gas. In the constvii-\o- 
shown in Fig. 165, producer gas and preheated air is again allowol 
to enter at half the way of the fire gases around the muffle. Th.c- 
air necessary for burning this gas enters at t and through oue::- 
ings regulable by slides into the air slits arranged behind tlu- 

fire-brick wall of the furnace. The producer gas entering at th.c 
second place is also taken from the producers. 

The way of mixing the gas and the air is of fundamental impor¬ 
tance for getting a complete and smokeless combustion. In a wide 
hearth the gas will advantageously be introduced in a number of 
parallel currents. In this case the air also has to be appliec, 
that there is one gas channel corresponding to every air chanuei. 
As the air is heavier than the gas, it is by no means immaterial 
whether the air channels are constructed above or below the gas 
channels. If the air is introduced above the gas a quicker contbus- 
tion is obtained ; reduction processes are conveniently pertorm.ed 
with upper air.’' If the air is introduced below the gas a slower 
coinhustion— i. e., a larger flame—is obtained; oxidation processes 
are conveniently performed with ‘‘ lower ” air. While parallel cur¬ 
rents of gas and air are to be used if a large area is to be heate-L 
the gas and air are brought together tinder an angle for b.eaiing 
a narrow space; for heating a small object gas and air a.re conibuiec: 
at a right angle. 
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Producer Gas-fred Brick Kiln, Producer gas firing can be con¬ 
veniently used in brick kilns and generally a direct-fired kiln can be 
transformed to gas firing at moderate cost. 

The main advantage of the gas fire for this purpose is the fact 
that the heat of the burnt material can be utilized for preheating 
the combustion air. Furthermore low-grade fuel can be used, even 
if high temperatures have to be obtained or high-grade goods arc 
to be burned. 

With gas firing the material to be burned does not come in con 
tact with ash, flue dust, etc.; thence fine goods which previously hac. 
to be burned in muffle furnaces can be burnt directly with gas. 



Fig. i66. Producergas Fired Brick Kiln, Vertical Section. 


While with direct firing a number of fireplaces have to be operated, 
a saving in labor is effected with gas firing by the fact that only one 
producer plant has to be taken care of. 

With gas firing an excess of air in the kiln or the admission of 
cold air is easily avoided. 

It is evident that with only slight changes a coal-fired kiln can 
be adapted for gas firing. In place of the heating shafts (flues), 
vertical pipes (burners) closed on top, which are provided with 
rows of numerous gas-outlet openings or slits, have to be installed. 
These burners are connected by connecting flues or channels ar¬ 
ranged in the sole of the kiln and by a main gas flue going all 
around the kiln, as shown in Fig. i66 (vertical section) and Fig. 
167 (plan). The gas is fed from a gas producer to the flue K. 

Below every firing hole there are built in vertically fire-brick 
tubes R closed on top, which end with their open bottoms into the 
cross-flues. By opening valve v these flues can be connected with 
the main flue K, so that whenever the valve is opened the gas will 
go to the connecting flue q and from here through the burner R 
into the burning kiln proper. The products of combustion are led 
through the flues f into the common flue R. 
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in this case, while the gas goes to the kiln without preheating. This 
necessitates the use of a fairly good grade of coal, while by pre¬ 
heating the gas also low grade of coal and even lignite, peat or 
wood can be used without difficulty for burning the most refractory 
materials. In Europe the system of regeneration (preheating gas 
and air in chambers filled with fire-brick checker work, which are 
heated by the product of combustion) is widely used and in one 
fire brick factory a saving in fuel of 40 per cent, and in time of 
50 per cent, has been effected. 

For the burning of goods which shall not come in contact with 
the fire gases, especially for burning fine enamels, muffle furnaces 
are used. In the heating of latter, producer gas presents many 
advantages as compared to direct firing. The waste heat of the 
products of combustion is lost with coal firing, while with gas firing 
it is used for preheating the combustion air. With gas firing the 
heat radiated by the furnace can be considerably reduced by arrang¬ 
ing air slits behind the fire brick lining and leading the combustion 
air through same for the purpose of preheating. 

Roasting Furnaces. Roasting furnaces may be classified under 
one of the following types: The hand-stirred reverberatory; the 
reverberatory with continuous discharge ; the revolving cylinder with 
intermittent discharge; the revolving cylinder having continuous 
discharge; circular multiple hearth shaft furnaces; muffle furnaces. 

With these furnaces wood, coal, gas or oil can be used as a fuel 
and all are intended for roasting crushed ore. 

The ordinary hand-stirred reverberatory roasting furnace consists 
of a continuous hearth covered over with a low arch and having a 
fire-box at one end and a flue at the other. A furnace of this kind 
is illustrated in Fig. 168. 

This furnace can often be economically built of stone up to the 
half level, the rest of the structure being constructed of brick, the 
entire mass being bound together with T-rails or I-beams. The 
hearth should be of sufficient area to suit the character of the ore 
and tonnage required. The Allis Chalmer Co. builds them in sizes 
ranging from 7 X to ft to 17 X 72 ft. 

A good example for a reverberatory with continuous discharge is 
the Browm roasting furnace shown in Fig. 169. In its most im¬ 
proved form it is a single hearth reverberatory with an interior 
slotted wall on each side of the hearth, covered with a low arch. 
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This roaster is made straight or round in shape to suit local condi¬ 
tions. Fire-boxes, in number and position to suit the length of the 
furnace and the character of the ore, are provided. This furnace, 
in which stirring is done mechanically, is generally provided with an 
automatic ore feeder. 

The Bruckner roaster, which consists of a revolving cylinder with 
intermittent discharge, is shown in Fig. 170. It is generally lined 
with fire-brick, the cylinder resting on friction rollers and revolving 
between a fire-box and a flue. The flame from the fire-box passes 
directly through the cylinder, and thence mixed with the gases fn^m 
the ore, into a dust chamber. The cylinder is provided with man¬ 



holes for receiving and discharging the ore, the latter being roasted 
in charges of several tons. The advantages of this type of roaster 
are that the charge of ore may be retained in the furnace as long as 
required, the heat can be nicely adjusted and the roasting can be 
completely and economically performed. 

A circular multiple hearth shaft furnace is the Stetefeldt roaster. 
It consists of a vertical brick shaft about 2 ^ feet hig'h, having a fire¬ 
box near the bottom and a flue opening near the top* by means of a 
screw feeder, worked automatically, pulverized ore is continually 
sifted into the shaft, and, in falling through the heated air, which 
takes but a few seconds, it is roasted. There is also a fire-box placed 
at the bottom of the descending flue for roasting the flue dust. 

Roasting furnaces having a central shaft, with a number of cir¬ 
cular shelves placed at right angles to it and being provided with 
mechanical stirrers are the Herreshoff roaster and the McDougall 
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roaster. The latter, which is built by the Allis Chalmer Co., is illus¬ 
trated in Fig. 171. It is a vertical iron cylinder lined with brick; 
in it are five or six horizontal hearths constructed of brick. Through 
the center of the furnace and extending from top to bottom is a 
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hollow water-cooled shaft, to which are directly connected hollow 
water-cooled horizontal arms, to which are attached removable and 
adjustable rabbles. 

The ore or matte, preferably reduced to three eighths of an inch or 
finer, is automatically fed into the uppermost hearth and by the 
action of the rabbles it is carried towards the center, where it drops 
through an annular opening onto the next hearth. 
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On the second hearth the rabbles feed the material gradually out¬ 
ward until it drops through marginal openings in the hearth onto the 
third hearth. 

The rabbles on the third hearth move the material to the center 



Fig. 171. McDougall Roaster. 


where it is discharged onto the next hearth and so on throughout the 
furnace until it is delivered into a receiving hopper. 

The hollow central shaft and hollow arms of this type of furnace 
are provided with a water cooling system, arranged for the circu¬ 
lation of water through the whole interior of same. 
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This furnace is suitable for roasting ores, concentrates of 
which contain sufficient sulphur to roast of themselves, not rev---'--'-r 
external heat. Ores carrying from 25 to 35 per cent, snlpaiirc: n 
be roasted down to from 5 to 7 per cent, of sulphur by their < 
heat alone. 

For starting the roaster and for keeping it hot when ft 
down temporarily, a circular ftre-box is furnished, which is •- 

connection with two roasters. The usual construction is to -wt a 

fire-box for each two furnaces, simply for keeping up tfie iu; t 
should a shut-down be necessary. For roasting non-co:nlu>t*'“e 
matter, the fire-box is incorporated in the furnace, being uiacr i 
under the lower hearth. 

The FIcDougall roaster is suitable for roasting sulphide r)res, ir.e 
fumes from which are to be converted into sulphuric acid. It aF 
in demand for roasting ores and mattes for subsequent 
The furnace is simple in construction, etc. 

The furnace occupies but little space; the smaller si:ze is ft. 
diameter on the outside and 30 ft. hig'h, measured from the gUTu::.! 
to the top of the furnace shell. 

When running nominally from i-i to 2 horse power is reijuire.;. 
depending upon the speed and capacity desired. If only one or twr- 
furnaces are to he installed, it would be necessary to provide 11:.ce 
power than stated above, for at times it becomes necessary to put in 
a plow that will plow up the material on the upper hearth prepara¬ 
tory to putting on new rabbles. 

The speed with which the arms and rabbles revolve is determiner: 
by the degree of roasting required in the furnace and the character 
of the ore. At Anaconda the shaft revolves once in minutes. 

In the Flerreshoff roaster two arms are attached to the shaft over 
each shelf, placed in opposite directions, having teeth or rakes so 
disposed on the first shelf that the roasting material is plowed frrni 
the shaft outward and delivered through openings at tlie outer edge 
of the shelf. As the ore drops on the shelf below, the plows are so 
placed that the material is turned over and over, finally^ discharging 
through a large opening around the shaft. The area of tliis opening 
is sufficient for the g*as that passes through it. The same is true o>f 
the openings at the outer edge of the shelf above. Xlie iiiaienal. 
after being plowed very slowly over five shelves, finally’ discharges 
through two outlets at the outer edge of the bottom shelf. T!:e 
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furnace has a very large vertical shaft fourteen inches in diameter, 
made hollow, so that a large quantity of air is drawn up through it; 
this amount being increased by the introduction of a sheet-iron 
stack extended above the top of the furnace. Between the shelves 
there are cross channels passing directly through the shaft at right 
angles. These channels are about four inches wide and five inches 
high, and allow ample space around them for the passage of the 
ascending air. Into these channels or sockets the arms are inserted. 
In the top of each channel, at the center of the vertical shaft, is a 
pocket running across the channel; into this a rib at the inner and 
top edge of the arm locks when the arm is forced into its proper 
position. The weight of the arm always keeps it properly locked in 
the channel. By raising the outer end of the arm about three inches 
the top edge of the rib is brought below the pocket, and the arm can 
be easily pulled out. Practice has shown that these arms, weighing 
'lOO pounds, can be unlocked and removed from the furnace and 
new ones put in and locked into place in about one minute. 

Each furnace requires from one tenth to one quarter horse power. 
The labor required is very small. At Butte thirty-six of these fur¬ 
naces have been running for several years. For the control of their 
work one man only at each shift is required. 

The principal repair is due to the corroding or burning out of the 
arms. About six arms per year have to be renewed, the cost for 
these renewals amounting to from twenty to thirty dollars per year. 

The ore is fed automatically, by means of a plunger that is moved 
back and forth in a horizontal cylinder. When going toward the 
central shaft, the ore is pushed forward and discharged down the 
curved pipe on the top shelf. When the plunger is pushed back, 
away from the central shaft, the fine ore descends and fills the vacant 
space. The mechanical device for the performance of this back¬ 
ward and forward movement is very simple. The central shaft 
revolves one revolution in two minutes, the plunger making, two 
.strokes in the same time. The usual amount of 44 per cent, ore 
roasted in such a furnace is 7,000 pounds. The roasted ore contains 
from 2.5 to 3.5 per cent, sulphur. 

The central shaft, presenting a large cooling surface, modifies 
somewhat the temperature of the whole furnace. This is a decided 
benefit. That portion of the arm where greatest strength is required 
is maintained below a red heat, as well as the shaft itself. The arms 
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are hollow and of rectaiig-iilar cross-section, and made a - 

sition, which stands the high heat satisfactorily. 

Sulphur IFuraace. In burning sulphur it is of iii^portarcc * 
admit the right ciuaiitity of air to sulphur and to iitili^^ x:he heat r 
the gas formed for preheating the sulphur. These obj tects are car¬ 
ried out ill ail c>:cellent manner in the furnace shown in Fio- 
which is built by Schutte and Koerting Co., Philadelphia, Thc 
furnace is constructed with a view of easily cleaning the <nhd'>^*'r rr- 
The sulphur is fed to the pans by means of hoppers which hoi i a 



sufficient quantity of sulphur to run the furnace for a. number of 
hours without filling up. The hoppers are so arranged that t!iev 
are closed off from the furnace when filling, therefore trlie process is 
not interrupted. Show glasses are provided to watcli the proper 
combustion of the sulphur. . Ploks are provided on tlice sides of fr.e 
sulphur burner to light the sulphur by a red hot ircon rod. The 
advantages of these furnaces are : simple manipulation,, no escape of 
sulphurous acid fumes, continuous working, no brick: work. T::e 
burning sulphur is visible from outside. Easy cleaning. Greate-: 
efficiency, of at least 95 per cent of burned sulphur. -Arrange ! f r 
suction as well as for compressed air. 

Smelting. Smelting is that metallurgical process in wliich ores 
are melted or fused for the purpose of separating their valuable 
metal constituents from the gangue or worthless portions. It con¬ 
sists essentially in subjecting the ores, mixed with sx.iita.ble fluxes, 
constituting a ‘Aharge,'’ to the action of intense heat., whereby the 
‘‘ charge’" is rendered fluid, the gangue combining witli the fluxes 
13 
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to form a slag or scoria, while the valued metals combine to form 
an alloy or matte. The separation of the matte and the slag takes 
place while the materials are in a molten condition, by reason of the 
difference in their specific gravities. 

Smelting is performed either in a blast furnace where the fuel 
(coke or charcoal) is mixed with the charge, or in a reverberatory 
furnace in which the fuel (coal, wood, gas or oil) is burned in a 
fire-box adjoining the smelting chamber. 

Smelting may be roughly divided into two classes—Copper 
Smelting” and “Lead Smelting.” As the terms imply, these mean 
that the predominating valuable metal in the charge is copper in the 
one and lead in the other. In lead smelting the valuable product is 
''lead bullion.” In copper smelting, it is "copper matte,’’ when 
sulphide ores are being treated, and " black copper ” when oxide, or 
carbonate ores are being smelted. The lead bullion, copper matte 
or black copper contains also whatever gold or silver was in the ores 
constituting the charge. 

For smelting, the charge or mixture of ores and fluxes must be 
of such a composition that the resulting slag will be sufficiently 
liquid to allow the valued metal or its compounds to separate from 
the mass readily and to flow freely from the furnace. The slags 
produced in smelting consist mainly of silica, ferrous oxide and lime, 
with which there are frequently small quantities of zinc oxide, 
alumina and other materials. The amount of these materials in a 
slag are more of a commercial proposition than a metallurgical one, 
as the composition of a slag may be varied widely without seriously 
affecting the running of the furnace, or the extraction of the valued 
metals. 

Custom smelters buy ores of many kinds, mixing them tog-ether in 
proper proportions to form furnace charges of the required compo¬ 
sition, thereby making one ore the flux for another. Independent 
smelters, whose own mines do not produce ores of the composition 
required for fluxing purposes, endeavor to secure such ores from 
other sources, as otherwise they would have to add barren fluxes to 
the charge. These cost as much to smelt as ore and give mo results 
beyond their fluxing powers. Conditions are, however, rarely so 
favorable that no barren fluxes need to be added. Limestone, iron 
ore, and, in some cases, silicious material, are nearly always neces- 
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sary to make a charge. For this reason it is desirable to locate 
smelters in localities where these fluxes may be easily secured. 

The fuel used in blast furnaces is coke or charcoal, or a mixture 
of the two. Coke is preferable, as it does not crush as readily as 
charcoal under the weight of the charge in the furnace shaft. The 
quantity of fuel required by a blast furnace depends upon the char¬ 
acter of the ore to be treated, the nature of the fuel itself and the 
process of smelting involved. In modern lead smelting, the quan¬ 
tity of coke required is, on the average, about 12 per cent, of the 
weight of the charge. In copper smelting with cold blast, from 8 
per cent, to 12 per cent, coke is required, while with hot blast and 
ores running high in sulphur, as little as 2 per cent, of coke has 
given good results. 

For reverberatory furnaces, coal, wood, oil or gas may be used as 
fuel. The quantity required depends upon the character of the ore, 
the nature of the fuel itself and the design and size of the furnace. 
In large, modern reverberatory furnaces using ordinary run-of-miiie 
bituminous coal, 500 to 1,000 pounds of fuel are used per ton of 
ore smelted. 

An important advantage of smelting is that nearly all ores, when 
properly fluxed, can be treated by this process. The extraction of 
the valued metals in smelting depends principally upon the character 
of the ores, but is also largely dependent upon the man in charge of 
the plant. Ordinarily it is safe to figure that practically all of the 
gold, 95 per cent, of the silver and 90 per cent, or more of the lead 
or copper will be saved. The cost of smelting depends upon the 
character of the ore, the cost of coke and labor, the size of the plant 
and its equipment and arrangement. In some large plants, equipped 
with the most modern machinery and operating under very favorable 
conditions, a cost as low as v$i.25 per ton has been attained, while 
with small plants in remote localities, where fuel and labor are 
expensive, the cost will run up to $15 per ton or higher. 

Success in smelting is primarily dependent upon having a plant 
equipped with the best and most modern machinery. The arrange¬ 
ment of the plant should be such that ample working room is pro¬ 
vided around the furnaces. Rehandling of materials should be 
avoided as far as possible and hand labor eliminated wherever it is 
practicable to put in mechanical means for performing the work. A 
smelting plant should be carefully designed, and every condition that 
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will influence the cost of operation should be carefully considered 
when the equipment is being decided upon and the plans made. It 
is often the case that a few additional dollars spent in equipment will 
mean the saving of thousands in operating expense. Even in a small 
plant a saving of a few cents per ton of ore handled amounts to 
a considerable sum at the end of a year’s run. 

A modern blast furnace for lead smelting consists essentially of a 
brick shaft resting upon a suitable mantle frame carried by four 
columns at the corners of the furnace. Below this shaft is a set of 
water jackets of steel or cast iron, which form the smelting zone, 
suitable openings being provided near the bottom of the side jackets 
for the tuyeres, through which the blast is introduced. Below the 
jackets is a fire-brick crucible encased in steel or cast-iron plates, 
and known as the “ curb.” The brick shaft may terminate at the 
charging floor, the downtake or flue for conducting away the gases 
connecting with the shaft just below the charging floor. The top 
of the shaft is covered and provided with openings for charging the 
furnace, or the shaft may extend above the feed floor, terminating 
in a stack extending through the roof of the building*, suitable open¬ 
ings being provided in the sides of the shaft at the feed floor for 
charging. In the latter type of furnace the downtake connects with 
the shaft at some convenient point above the feed floor. The down¬ 
take in either case connects at its opposite end with the dust chamber 
or flue, which leads the gases to the main stack of the plant. In the 
crucible of the furnace, the molten materials separate, the lead 
settling to the bottom of the crucible and being removed through an 
inverted syphon passage provided in the brick work o£ the curb. 
The slag passes out through a tap-hole at either one side or end 
of the furnace. 

A silver-lead furnace, as built by the Wellman-Seaver-Morgan 
Company, Cleveland, O., is shown in Fig. 173. 

Blast furnaces for smelting copper ores are similar in general 
form to those used for lead smelting, but in detail they differ from 
them materially. The internal crucible is either quite shallow or is 
dispensed with entirely, as in the case of matting furnaces where the 
molten materials pass at once from the furnace into an external 
crucible known as the '' settler” where the separation of the matte 
and slag takes place. The jackets are much higher than in lead 
furnaces, extending in many furnaces up to the charging floor. In 
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this case they are made in two tiers or sections. The tuyere boxes 
are of the rigid type and connected with the bustle pipe by light 
steel tubing. The mantle frame and supporting columns and the 



Fig, 173. Silvi:r-lead Ftrxace. 


structure above the mantle frame are much the same as for lead 
furnaces. Large copper furnaces are built rectangular in shape; 
small furnaces round. 

Fig. 174 shows a round, Fig. 175 a rectangular copper furnace 
built by the Wellman-Scaver-Morgan Company, of Cleveland, O. 



Fig. 174. Round Copper Furnace. 
Fig. 175. Rectangular Copper Furnace. 
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Copper converters are of different shapes and sizes, though in 
general appearance they are more or less similar to the vessel used 
for bessemerizing iron. 

Converter shells are made of heavy steel plates riveted together. 
They are supported either on trunnions or rollers, and are tilted by 
hydraulic or electric machinery. For convenience in re-lining, the 
top is separable from the body. 

The capacity of converters may vary from three to ten tons, the 
capacity of a newly lined converter being less than it is after several 
blows/’ as the lining is being continually eaten away. 

An electrically operated copper converter, as manufactured by the 
Wellman-Seaver-Morgan Co., of Cleveland, O., is shown in Fig. 176. 



Fig. 176. Copper Converter. 


A hot blast is quite advantageous in the smelting of some sulphide 
ores. As a general rule, however, it has metallurgically no partic¬ 
ular advantage over a cold blast, and its use is, therefore, generally 
a purely commercial proposition; that is: Will the value of the coke 
saved by its use, after deducting the cost of fuel, labor, repairs, 
interest and depreciation in the heating apparatus, yield a sufficient 
margin to warrant its installation? 

Where coke is expensive, and coal, wood, oil or other suitable fuel 
that can be used to heat the blast are cheap, the hot blast will 
undoubtedly pay well for installation, but where the cost of these 
fuels is relatively the same as coke, the saving by its use does not 
warrant the installation and up-keep of the hot blast apparatus. 
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The foregoing, of course, assumes that hot blast will have metal- 
lurgically no advantages over cold blast. 

In the smelting of some ores, however, a hot blast is desirable and 
in some instances absolutely necessary, but as a general rule the fore¬ 
going holds true. 

In copper smelting there is no combustible gas discharged from 
the furnaces, as is the case with iron smelting, and the many devices 
that have been designed to heat the blast by means of the slag, flue 
gases, and in like ways have met with small measures of success. 

The most satisfactory means known of producing a hot blast is 
the simple '' U ’'-pipe cast-iron stove, heated by coal, w^ood, oil or 
other fuel burned in its fire-box. In these stoves the cold blast from 
the blower enters the stove from the main header over the back of 
the stove, and passing through the various “ U "-shaped pipes and 
bases, is heated by the fuel burned in the fire-box and discharged 
hot into the header over the front of the stove, and from there con¬ 
ducted to the furnace. 

A hot blast stove, as built by the Allis Chalmers Company, Mil¬ 
waukee, Wis., is shown in Fig. 177. 

Refuse Destructor. An extremely interesting type of a rever¬ 
beratory furnace is the “ Ileenan ’’ refuse destructor, by which the 
problem of economical destruction of city refuse seems to be solved. 
Fig. 178 illustrates this furnace. The combustion air is preheated 
before entering the furnace chamber by passing through the air 
heater which is kept hot by the products of combustion. The sen¬ 
sible heat of the discharged clinkers is also utilized for heating of 
the blast, which is conveniently done by the arrangement of the ash 
pits in separate compartments. The illustration shows how the 
material is charged to the furnace, the air valves for regulating the 
volume of the combustion air, and the utilization of the sensible heat 
of the products of combustion for heating steam boilers, besides the 
air heater mentioned above. The temperature obtained in this fur¬ 
nace is always above 1300° F., which is an excellent result if the 
low thermal efficiency of the material charged into the furnace, which 
is a mixture of household ashes and rubbish, is considered. 

Calcination. The glowing of products is generally carried out in 
similar furnaces as the melting and is called calcination in the chem¬ 
ical industries. 

Calcination is used for removing certain substances, for instance 



184 AI’PLIAXCES 01' CHEMICAL AXU METALLURGICAL IX'UUSIRIES. 



Fig. 177. I-IoT Blast Stove. 

water, from a material by means of heating. The furnace shown in 
Fig. 168 and also shaft furnaces are used for this purpose. Some¬ 
times cast-iron retorts are used for calcining. 

A very durable and economical construction of a calcining and 
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evaporating furnace is shown in Fig. 179 (designed by Friedrich 
Siemens in Dresden). In this furnace the radiant heat of the active 
flame comes into effect only in the calcining space below the evapo¬ 
rating kettle. The neutral products of combustion are also taken 
off from this space C, so that the evaporating pan A is heated only 
by local circulation of the firing, which is effected by connecting 
channels ci, c 2 , xz provided between the calcining hearth and the 
pan in the space H. 

The heat of the products of combustion leaving the calcining space 



is utilized for preheating the combustion air, whereby the temper¬ 
ature of the heating flame and its capacity for heat radiation is 
increased. 

The heating of an evaporating pan, effected by local circulation of 
the fire-gases, insures the greatest uniformity in heating, long life 
of the pan, no warping of the material (cast iron), great capacity 
and low fuel consumption. It also prevents the formation of crusts. 

vSolid, liquid or gaseous fuel can be used in this furnace; in the 
furnace shown in the illustration gas firing is used, which is very 
suitable in most cases. 

The gaseous fuel goes through flue g to the furnace, is mixed 
with the air (coming from flue i) in chamber R, travels as flame 
through flue f into the calcining space, and is finally escaping through 
the chimney. The exchange of heat between the calcining space C 
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and the evaporating pan A is effected by the channels ^2, <73 

already mentioned. For increasing the heat of the pan, if required, 
there are also provided openings in arch G, which can be closed or 
opened (for decreasing and increasing, respectively, the heat). 



Fig. 179. Calcining Furnace. 


The openings of the channels cr, c2, C3 can also be reg-nlated by 
means of fire-bricks. The material to be calcined is transported from 
the pan to the calcining space by means of inclined planes in the 
brickwork; it is distributed and worked through the working* doors 

f7I, 02 . 

Water Gas. Water gas is used in this country only to a small 
extent, as the processes now employed for its production are un¬ 
economical and expensive to install. In these plants water gas is 
made by blowing steam through incandescent fuel and heating the 
latter up at certain intervals by blowing air through. Generally 
gas is made for about four to five minutes, and air blown for the 
four to five minutes followinp*, etc. During- the hot blowing neriod 
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a poor producer gas is formed, which can be utilized only under 
favorable local conditions. The long intervals between the gas 
making periods necessitate the use of a very large holder, and in 
places where the producer gas has to be used, a second holder has 
to be installed, which means a large increase in the first cost. 

In Europe great strides have been made in this art; the first cost 
of apparatus has been considerably reduced, and the yield in water 
gas doubled. European engineers have entirely done away with 
the production of producer gas in this process. By using a lower 
layer of fuel, and an air blast of certain pressure, the making of 
water gas is carried on now continuously for eight to nine minutes, 
and then hot blowing is done for three quarters to one minute. The 
handling of the apparatus is simplified and made absolutely safe by 
an interlocking valve device. The size of the holder is decreased, 
the first cost reduced, and the introduction of this valuable gas 
greatly facilitated. These plants are used for melting, heating, 
evaporating, etc., and wherever a high temperature is required or 
an exact temperature to be maintained; also if a reaction is to be 
performed with a reducing flame; further for; open hearth and 
crucible steel melting; annealing, brazing, tempering, soldering, 
forging, etc. 

Thirty-five to forty c.f. of gas of 285 B.T.U. heating value arc 
obtained by this process from one pound of coke. 

The generator, which is a cylindrical shell, lined with fire-brick, 
and provided with the necessary valves for entrance of air, etc., is 
filled with coke to a certain height and blown hot by means of a 
positive blower. During this period the air inlet valve and the 
charging door on top leading to the flue are open and the gas 
valves closed. The air enters under the grate and goes through the 
fuel to the stack. When the generator is sufficiently hot, the air 
inlet and charging door are closed, and at the same time the upper 
or lower gas valves are opened, depending upon where the gas is 
to leave the generator. Then steam is blown into the fuel until 
the gas becomes poor in quality, which can be seen from a test 
flame. Chemically the process consists of the combination of the 
oxygen of the steam with the carbon of the coal to form carbon 
monoxide, and hydrogen is liberated as represented by the formula 

H.O-f C==CO + H,. 
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The average composition of the water gas is: H 50 per cent., CO 
40 per cent., CO 3.5 per cent., N 4.3 per cent., CH^ 0.7 per cent., 
O 0.5 per cent. 

When the quality of the gas deteriorates the steam valve is closed. 



the air valve and charging door opened, the gas outlet closed and 
the blower started. In this way air and steam are blown alternately 
through the generator. The steam is blown in from the top and 
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from the bottom alternately to make the distribution of the heat in 
the generator more uniform. Fuel is charged through the charging 
door after three periods of gas making. The generator is provided 
with tight doors, through which clinkers and ashes are removed. 

The air and gas valve are interlocked, so that they cannot be 
opened at the same time; when the air valve is opened the gas valve 
is locked and vice versa. This insures absolute safety. The gen¬ 
erator and all the valves are worked from a platform. The water 
gas after leaving the generator goes to the scrubber, which is filled 
with coke and sprinkled with water; from here the gas goes to a 
small holder, which serves as an equalizer. 

Direct Coal Firing. For facilitating the removal of ashes and 
clinkers and for reducing at the same time the cost of attendance, 



Fig. i8[. Ronkv Stoker. 

shaking grates are widely used in place of stationary grates. Fig. 
I So illustrates the construction of a shaking grate. 

In large plants automatic stokers are used to great advantage, as 
they not only efifect a great saving in labor, but also allow the 
smokeless combustion of soft coal. The most popular and one of 
the best stokers on the market is the Roney stoker, Fig. i8i, which 
is built by the Westinghouse Machine Company. The coal is fed 
into a hopper extending across the boiler front, usually by gravity 
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from an overhead bin. From this hopper the fuel is automatically 
supplied to the furnace by a reciprocating pusher operated by the 
rock shaft by an eccentric. The fuel descends through the throat 
of the arch on to the upper grate bars, where it is subjected to an 
intense heat radiated from the incandescent fire-brick arch spanning 
the upper portion of the furnace. This entirely cokes the fuel and 
drives off all the volatile gases, leaving the coke, which is then 
gradually worked down the inclined surface by the rocking motion 
of the grate bars, imparted to them from the eccentric on the 
rock shaft. 

The oscillation of the grate bars not only works the fuel slowly 
down the furnace, but also keeps it constantly agitated, thus pre¬ 
venting to a large extent the formation of clinker, and bringing the 
fuel into intimate contact with the incoming air. After the solid 
combustibles have been totally consumed the remaining ash is dis¬ 
charged on to the dumping grate at the bottom of the furnace. 
The operations necessary to clean the fires are very simple. First 
the guard is raised to a position which prevents the fuel bed from 
sliding. Next the dumping grate is dropped, permitting the ashes 
to fall over the ash pit. 

In the Roney stoker all the essential conditions necessary to high 
rates of combustion and smokeless operation have been realized. 
Fuel is fed to the furnace at a uniform rate and is coked in the 
presence of a preheated air supply; the combustible is brought into 
intimate contact with the required quantity of air for complete 
combustion. 

For heating long kilns, such as are used in the cement and other 
industries, coal dust firing is extensively used. At present the 
Schwarzkopff firing, in which the coal dust contained in a hopper 
is conveyed to the fireplace by means of a rotating brush, is very 
popular. A new system of coal dust firing, the x\ero,” is described 
in the chapter on Grinding.” 

Oil Firing. Steam jet oil burners are adapted for small plants 
and where the fuel is heavy and viscous. The fuel is atomized by 
means of a jet of steam, a mixture of air jet and steam, or air jet. 
The bare steam jet should be employed for spraying heavy fuel like 
tar. For light fuels a mixed jet (steam and air) or air only can 
be used. Fig. 182 shows a steam jet oil burner for tar. The lat¬ 
ter is lifted to the tank on top of the burner by means of a steam 
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jet exhauster and flows from the tank to the burner by gravity. 
5 is the steam pipe, E the steam jet exhauster, SC is the steam coil 
for heating. The tar should be heated in the tank, if possible, to 
about 150 degrees Fahrenheit. With fuel oil the regulation is 
accomplished by means of cocks, and no special heaters or strainers 
are required. 

With these burners the fire is started as follows: A scoop or 
tray containing oil is mounted on the 
fire-brick and the oil is ignited, the 
temperature of the boiler rising slowly 
but continuously. If there is steam 
in the boiler the plant is started as 
follows: 

1. Full draft is put on, so that all 
gases which might have remained in 
the fire room will draw off. This is 
done to prevent explosion. Steam is 
now carried to the heaters and the 
pump started, which circulates the oil 
through the pipe until the proper tem¬ 
perature of the oil is reached; then 
the oil is ignited. 

2. If there is no steam pressure on 
the boiler, then the warming up ar¬ 
rangement should be started. When 
starting the oil-firing plant, smoke will 
appear until the walls of the fire room 
are heated to such a temperature that 
the flame is not cooled off. When 
stopping the plant, the air admission 
has to be closed, so as to prevent an 
excessive cooling of* the boilers. 

A more elaborate type of an oil burner which insures strict econ¬ 
omy and reliable services is the Koerting patent oil-firing system 
with centrifugal spray nozzles which, as also the oil burner men¬ 
tioned above, is built by the Schutte and Koerting Co., Philadelphia, 
Pa. In this system the oil flows from the supply tank to a central 
pumping outfit, where it passes through a primary heater and flows 
through filters to a pressure pump. The pump passes it under a 



Fig. 182. Steam Jet Oil 
Burner for Tar. 
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pressure of thirty to seventy-five pounds, according to the evapora¬ 
tion required, and presses it through a second heater to the centrif¬ 
ugal spray nozzles directly in front of the boilers. In this second 
heater it is heated to 220° to 260° F., which means the oil is heated 
above the boiling or flash point at atmospheric pressure. Evapora¬ 
tion of the oil is prevented by the pressure on the pumps being kept 
in accordance with the temperature. However, the moment the oil 
leaves the spray nozzles under the boiler, the pressure is removed 
from the oil and thence it flashes into the finest atoms. This phys¬ 
ical action is assisted by the mechanical atomizing of the centri- 



Fig. 183. KoERTiXG Patent Oil Firing System. 


fugal spray nozzles, the result being a perfect and intimate mixture 
of the air with the oil. This gives the desired result of a smokeless 
and perfect combustion. The installation of such a burner is shown 
in Fig. 183. 

The application of the centrifugal sprayer obviates the defects of 
the steam jet system, and secures several important advantages. In 
spraying crude oil or fuel oil, etc., by means of steam jets, a certain 
portion of the heating value of the fuel is lost, as the steam has 
to be raised to the furnace temperature, and, being used for spray¬ 
ing, is lost to the boiler. With the nozzle system there are always 
two pumps installed; one in reserve; two filters are furnished, to 
be used alternately, and the pressure pipe from the pump is pro¬ 
vided with two strainers. The steam used for pumping, likewise 
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for heating, is recovered as condensed steam and returned to the 
boilers. A steam pressure reducing valve maintains a constant 
pressure and minimizes the attendance. An overflow and safety 
valve prevents the oil pressure from rising, which obviates a waste 
of fuel. An air vessel, which maintains a uniform velocity in the 
pressure pipe line, forms part of the apparatus. Oil and steam 
pressure gauges, thermometer and oil line complete the outfit. 
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CHAPTER XI. 


SEPARATING. 

Filter Presses. There are many people to-day operatin^Cf larg-e 
plants who, if they understood the applicability of the filter j^ress 
to their particular case, could effect considerable saving- by the 
recovery of materials which to-day are going to waste, or by im¬ 
proving their present methods of filtration. 

As in large industrial operations it is desirable that the process 
of filtration be conducted with the greatest possible economy, the 
selection of the proper kind of filter press is of great iinix)rtance. 
Those herein described and illustrated are manufactured by T. 
Shriver and Company, Harrison, N. J., the largest manufacturers 
of filter presses in the United States. 

In its simplest form a filter press consists essentially of a series 
of chambers, formed either by recessed plates (Fig, 184) or by 



Fig. 184. Recessed Fjlterpress. 


flush plates with frames between them (Fig. 185). These plates 
and frames have a lug or handle projecting from each side, the 
lugs resting on a pair of parallel bars. 

One end of each of these bars is secured to the front or head 
of the press. The plates and frames /est upon them, and the back 







or follower is forced up against the plates by means of a heavy 
screw or hydraulic plunger in a yoke or screw standard, to which 
the rear end of each bar is secured. 

Over the surface of each plate is stretched the filtering medium, 
cither cloth or paper, or, in some cases, both. The material to be 
filtered is pumped in through a channel in the head of the press 
and is distributed over the surface of the filtering medium, the liquid 
passing through and out of the 
cored channels in the plates, 
while the solid material is re¬ 
tained on the surface of the fil¬ 
tering medium, gradually filling 
the cham])ers until a solid cake is 
formed in each. The press is 
then opened and the cakes are 
removed. It is then closed again 
and the operation repeated. 

In the “ recessed filter press ” the material to be filtered is pumped 
in through a channel in the center of the head and passes on through 
a hole in the center of each plate, thus filling all chambers simul- 



Fic. 185. I'lusti Plate and Frame 
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taneously, and the filtrate runs out through cocks or bibs provided 
near the bottom on the sides of the plates. It runs into a trough, 
which is connected by piping with a suitable tank or receptacle. 
The advantage of using cocks is that in case a single cloth breaks, 
that plate may be shut off and the filtration continued. 

The flush plate and fMMl filter presses have the inlet on one 
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side of the head instead of in the center, and the material passes 
along through holes in the handles of the plates and frames. This 
cored channel is kept from leaking by using rubber collars inserted 
in the holes of each plate. In this type no holes have to be cut in 
the cloths. 

The thickness of the cake varies from one to six inches; with 
materials that form a dense cake thin cakes have to be produced, 
and vice versa. 

For freeing the cake in the filter press from adhering liquid par¬ 
ticles, most filter presses are provided with a washing arrangement, 
by means of which the cakes can be washed with water, diluted 
acids, lyes, benzene, alcohol, etc. For this purpose one extra chan¬ 
nel is provided in every filter plate and chamber respectively. The 
channel has an inlet to the surface of every second plate only, the 
outlet cocks of which are closed, and the washing liquor passes 
behind the cloth (f. e,, behind the cake) into the press, goes through 
the first filter cloth, then through tlie cake and leaves finally through 
the outlet cock of the other plate, carrying along the liquid displaced 



Fig. i86. Standard Filterpress. 


from the cake. The object of Avashing the cakes is either to pro¬ 
duce as pure a solid as possible, or to recover the liquid, which 
would otherwise remain in the cake. The cake can be treated, 
while in the filter press, wdth any liquids for dissolving soluble com¬ 
ponents from the cake. 

In certain cases the mass to be filtered has to be kept hot or cold 
during filtration; hence for these pur^^es, channels or coils are 
provided in the plates for the circula«H»f steam, hot water, cold 
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Heated chambers are used for materials that can be filtered only 
in molten state (wax, ceresiae, etc.) or for liquids from which salts 
would crystallize out at a low temperature. Cooled chambers are 
used, if substances are to be separated, which solidify at a low 
temperature only (clarification of cod liver oil, etc.). 




No. t7. Tvi-. H. j.BuUon PUl«. 


Fig. i88. Arrangements of Channels in Filterpresses. 


A very popular type of filter press is shown in Fig. i86, while in 
Fig. 187 a monster filter press is illustrated. 

In Fig. 188 are shown the most common arrangements of the 
various channels. The cases shown differ from each other with 
respect to the following four points: 

I. The filtrate discharge outlets may be closed or open or regu¬ 
lated by means of cocks. 
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4. Feed channels may be cither inside or outside o£ the plates. 
With outside channels it is unnecessary to cut a hole in the filter 
cloth, so that its life is prolonged. 

The materials used in the construction of filter presses depend 
upon the liquids to be filtered. For the liquids which do not attack 
iron, iron is the best material. For acids, wood (Fig. 189), bronze 
or hard lead is used; and of late aluminum filter presses have come 
to the front. 

For filtering volatile materials the filter press shown in Fig. 185^-1 
can be used, since in this type the filtrate is discharged through a 
pipe at one corner of the head and therefore can be kept from 
exposure to the atmosphere. 

Fig. 190 illustrates the pyramid surface on filter plates which has 
decided advantage over the corrugated surface or screens, having 
27 per cent, higher efficiency than the cqrru- 
gated surface and 70 per cent, higher than the 
screens. In using a screen the filtrate passes 
through the cloth only where the holes in the 
screen occur. With the corrugated surface the 
filtrate passes through the cloth only at the cor¬ 
rugations, but with the pyramid surface the 
filtrate passes through the whole surface of the 
cloth, with the exception of the very small sur¬ 
face on the top of the pyramids. 

The closing devices mainly used on filter presses are easily under¬ 
stood from the illustrations (Fig. 191). 

The outlet cocks also play an important part in the successful 
operation of a filter press. The flap cocks (Fig. 192) are especially • 
designed for this purpose. They are very simple in construction 
and cannot get out of order; the cored channel through which the 
filtrate passes is large in area and there are no obstructions. To 
close them, a flap faced with rubber or leather, as the case may 
require, is pressed down with a handle against a faced end on the 
cock, and without any undue pressure will close the cock, so that 
it will stand a very high pressure without leaking. 

For obtaining perfectly clear solutions, which is quite difficult by 
the use of filter cloths, a so-called three-chamber press has been 
constructed, in which filtration is effected by sand, etc., contained 
in the press, instead of using cloths. Fig. 193 shows the general 
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arrangement; between two frames a plate c is provided, while at 
the other sides of the frames a the plates b are arranged. The 
plates b and c serve for discharging the liquid during the prepara¬ 
tion of the filter. The filtering material—sand, coal, etc.—enters 
the frames a at the top in a form of a thin paste and is transformed 



Fig. 192. Flap Cock. 


into a solid cake, while the liquid runs off through the corrugations 
of the plates h and c. 

After the filter has so been formed in the frames a, the plates c 
are replaced by plates d, while the plates b and the frames a remain 
in their place. Now the material to be filtered enters at the top at 
d, passes from right to left through the frames a, which are filled 
with sand, coal, etc., and the liquid is discharged perfectly clear 



Fig. 193. Three Chamber Press. 


through the cock of plate h. These presses are built of iron and 
wood, with or without washing arrangement. 

A filter press for experimental laboratory purposes is built by 
most filter press manufacturers. 

The washing of the cloths is an operation of some importance, 
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and should be performed in suitable washing machines, as shown 
in Fig. 194. Such machines are also furnished by T. Shriver and 
Company. 

Centrifugal Separators. Another appliance for separating liq¬ 
uids from solids is the centrifugal. In this machine the solid mate¬ 
rial to be separated from the liquid is pressed by the centrifugal 
force generated by the high speed of rotation towards the walls of 
the basket, while simultaneously the liquid escapes through the 
perforations of the basket into the curb. These machines are used 
in finishing establishments and 
bleacheries for drying yarns and 
textiles, in the paper industries for 
drying wood pulp, and in the sugar 
and starch industries for drying the 
re.spective substances. 

The centrifugals are, according to ; 
local conditions, cither belt driven or 
direct connected to electric motors. 

Both of these types arc built cither Washing Machine for 

, , . , . Filter Cloths. 

with under drive or upper drive. 

On account of the high speed at which these machines are oper¬ 
ating (900-1,200 revolutions per minute, according to size, i. e., an 
average surface speed of 10,500 feet per minute) great strength 
and careful construction is an absolute necessity; as grave accidents 


;**W*\iW 



Fig. 195. Centrifugal Haskf.t and Drum. 


might occur with a machine not properly built, centrifugals should 
never be bought from irresponsible concerns. 
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On the basket itself depends much of the centrifugals strength. 
Whenever the materials to be treated permit it, the baskets should 
be made of heavy hammered copper and bound by steel bands (as 
shown in Fig. 195, in which basket and drum is illustrated). This 
absolutely prevents them from bulging when running at a high rate 
of speed. In well constructed machines the copper bottoms of the 



basket are reinforced by stout iron flanges. The perforations are 
first punched out, then countersunk by hand, so as to insure a per¬ 
fectly smooth inner surface. 

According to the material to be treated, the interior of the centrif¬ 
ugals is made of copper, steel, wrought iron, bronze, or brass. 
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The construction shown in Fig;. 196 is built by the American Tool 
and ]\Iachinc Co., Boston, Mass. 

A belt-driven centrifugal (upper drive) and a ten-inch centrif¬ 
ugal for laboratory or experimental use, both built by the above 
company, are shown in Figs. 196 and 197 respectively. The large 


Fig. 197. lo-iNCH Centrifugal. Fig. 198. 5 -inch Hand Centrifugal. 

type is built in three sizes, viz.: 30 inches, 36 inches and 40 inches 
diameter. 

They also build a five-inch hand centrifugal for laboratory test¬ 
ing purposes, as shown in Fig. 198. 

It has to be borne in mind that 
the charge in the basket has to 
be uniformly distributed before 
starting the operation. 

Other Filtering Appliances. 

For filtering thick masses vacuum 
filters are used, the vacuum being 
produced by means of a steam jet 
blower for a vacuum pump. For 
the handling of acids these appa¬ 
ratuses are made of lead or clay. 

Fig. 199 shows the application of 

a Koerting steam jet exhauster ^ ^ 

Fig. 199. Vacuum Filter. 

for assisting nitration. 

M. Garros recommends asbestos porcelain as filtering mass for 
strong acids. This material is prepared by grinding asbestos to a 
fine powder and washing the latter first with muriatic acid and then 
with pure water. The plastic mass so obtained is burned at about 
1600° C., and shows after cooling such fine pores that it can be used 
successfully as filtering material. Another method of separating 
solids and liquids is the application of sand and other filters. For 
this purpose basins are built in which layers of pebble, gravel and 
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sand are provided, the latter being supported by perforated plates. 
The water to be filtered enters on top, flows to the three layers and 
finally reaches, in a pure state, the pipe line provided below the per- 



Fig. 200. Filtering Device. 


forated plates.- The operation of these filters is rather slow, gravity 
being the only active force. If a quicker method is desired, pres¬ 
sure has to be applied, as for instance, in the Jewell filters. 



Fig. 20T. Blaisdell Filter. 


If the water is only cloudy and its filtration meets with great 
difficulties the following device is to be recommended (Fig. 200). 
The reservoir H contains the water to be filtered; tank M contains 
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a thin pulp of cellulose or fibrous asbestos with water. F is the 
filtering apparatus proper and the purified water runs off into R, 
F is built like a filter press and contains a number of chambers, the 
walls being formed by metallic sieves. 

At first the thin pulp or paste is passed (from j\I) into the filter 



Fig. 202. Blaisdell Filter. Fig. 203. Kelly Filter. 


F, where it is uniformly divided. The arrangement is somewhat 
similar to the three-chamber press mentioned above. The water 
from H is then allowed to run through this filtering mass and flows 
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into tank R. When the filtering mass becomes inactive, it has to 
be removed and washed, before being put to use again. 

For filtering slimes the Flaisdell pressure filter can be used. This 
filter, which is illustrated in Figs. 201 and 202, contains a series of 
filter leaves, depending in number and size upon the capacity de¬ 
sired, a pressure cylinder and pumps for vacuum, slimes, water and 
solution, with pipes and valves. 

With a pressure of 25 to 50 pounds per square inch in the pres¬ 
sure cylinder, the clear water or solution is rapidly forced into the 
interior of the filter leaves and out through the discharge pipe to 
the water or solution tanks, the slime remaining as a cake on the 
outside of the filter leaves. This process is continuous and is carried 
on without interrupting the flow of slime to the pressure cylinder. 
As soon as a cake of sufficient thickness is formed, clear water, under 
a greater pressure than exists within the cylinder, is admitted to the 
interior of the leaves in groups. This excess of pressure causes the 
cake on that particular group of leaves to 
fall through the slime to the bottom of the 
cylinder. The thickened material accumu¬ 
lating on the bottom of the cylinder is dis¬ 
charged from time to time. 

The Kelly filter, shown in Fig. 203, consists 
of a tank in which a carriage runs on tracks 
carrying the filters. Whenever the filters 
arc heavily charged with separated solid ma¬ 
terials, and it is desired to remove the col¬ 
lected solid material from the sides of the 
filter frames, the carriage is run out of the 
T, « tank onto an exterior trackway. 

The construction of the Butters filter is 
based upon the same principle. 

Presses. Presses are mainly used in the chemical industries for 
separating solids from liquids. 

The simplest type which can be used for this purpose is the screw 
press (Fig. 204). The material to be dried is filled into bags or 
wrapped up in cloths and then put into the press. The various bags, 
etc,, are separated from each other by means of metallic or wooden 
plates. 

In the manufacture of smokeless powder the screw press shown in 
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Fig. 205, which is built by Werner and Pfleiderer, Saginaw, Midi., 
is extensively used. These presses are strongly built and are con¬ 
structed so as to require not more power than hydraulic presses of 
the same capacity. They are very simple and can be handled with 



Fig. 205. Screw Press. 


perfect ease and safety. They are driven by a special reversing 
apparatus, provision being made to prevent them from being started 
in the wrong direction. They are started by moving a hand lever 
and are brought to a full stop automatically through an arrangement 
which stops the press when the piston has traveled to the prescribed 
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limit, either at the top or bottom. When in the highest position, the 
piston is swung backwards on a hinge, a suitable catch making it 
impossible to start the press from this position, but it is necessary 
that it be swung forward in place again, before the press can be 
started, thus preventing the numerous breaks which occur so often, 
when the operator forgets to put the piston in the proper working 
position. These presses have two speeds, fast and slow, in both 
directions. 

For chemical work the hydraulic presses, Fig. 206, are of greatest 
importance, since their requirements as to power and attendance are 



Figs. 206, 207. Hydraulic Press. 


small. The construction of the hydraulic presses is based upon the 
principle of the uniformity of pressure in liquids contained in closed 
vessels. The press consists of two separate parts—the press proper 
and the press pump. The press pump is a plunger pump provided 
with automatic relief set to a certain pressure, which naturally varies 
according to the nature of the material to be pressed. 

The pressure produced by the press pump is transmitted from the 
liquid of the pump (water, glycerine or a mixture of both) to the 
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liquid in the cylinder of the press, whereby the same pressure is 
exerted upon the unit of area of the piston of the press as upon the 
unit of area of the piston of the pump. 

The material to be pressed is handled in the same manner as with 
a screw press. If the pressing is to be performed at a high temper¬ 
ature, the plates separating the layers (cakes) have to be heated by 
steam. One press pump is sufficient for several presses. 

Fig. 207 shows a press arranged with flat iron plates to which are 
to be attached hair cloth mats both top and bottom, and the material 
to be pressed placed between the mats in bags or cloths. The plates 
are guided in their movement both up and down, and when press 
ram is lowered each plate rests upon its own support on the side 
frames, pins being screwed in the plates for this purpose. A gutter 
surrounds the press for the collection of the oil. The use of plates 
allows about double the amount of material to be pressed that could 
be placed in a box press. 

For some materials corrugated steel plates, which do not require 
matting, are much preferable. 

Separation by Crystallization. For separating a dissolved salt 
from its solvent or from a mixed solution, various methods can be 
used. If the substances have the property of being precipitated by 
concentration, the solutions are evaporated and the separating crys¬ 
tals are continuously removed. 

There are cases (Glauber Salt, etc.) where no direct precipitate 
is obtained during evaporation, but where it is necessary to cool the 
solution. The solid substances are then allowed to separate by 
crystallization in suitable vessels. 

For effecting a uniform crystallization throughout the liquor, 
hooks made of steel or copper wire are suspended into the same, by 
means of which the crystals can be easily lifted out of the liquor. 

If no hooks are used, the crystals formed fall to the bottom and 
the mother-lye has then to be syphoned off. If crystals deposit on 
the walls of the vessel they can be knocked off and removed by 
means of perforated spoons. Or, perforated pots are put into the 
vessel and the mother-lyc entering the pots is syphoned off. 

Separation by Extraction is used for separating the soluble com¬ 
ponents from a partly soluble substance. The high pressure fre¬ 
quently applied during extraction is produced by either steam or 
compressed air, depending upon the nature of the material to be 
treated. 
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The extractor generally used for dycwood, tanhark, etc., is a 
vertical ctiinder, provided with a charging- and discharging <)]>ening. 
water and steam inlet and solution outlet. 'J he armature consist.-, of 
a manometer, thermometer and two test eexeks. 

If several of these apparatuses are connected to a battery, llie 
connection is made in such a manner (Fig. 208 ) that the final solution 



of the first apparatus is utilized for eluting the fresh charge of the 
second apparatus, whereby the concentration of the solutions is 
increased. The apparatus to be discharged first, gets the fresh 
water, while the more concentrated solution is taken from the appa¬ 
ratus charged with fresh material. 

An apparatus for extracting at high temjK-raturc and onlinary 
pressure fats, oils, rosins, etc., by using benzine, bi.suliihide of carhoii, 
alcohol, etc., as solvents, is built by Josef Merz in llrucnn f .Austria ). 

The vessel C (Fig. 209) contains at the Ixottom a steam coil Q. 
and above it a reservoir L, which is charged through the manhole d 
with the material to be extracted. From the reservoir F, which is 
combined with the cooler R, the solvent i.s allowed to flow into I.. 
As soon as the level of the solvent exceed.s the height of .syiihon y. 
it is drawn into C. In C the solution is evaporated, the vapors rise- 
along the wall of the reservoir L, heating its content ami finally 
arrive at coil S, where they are condensed. The warm liquid “ rains ” 
back into L and after rising to the height of the .syphon, again 
g'oes into C, 
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This automatic circulation is interrupted, when a sample taken at 
.1/ shows that the extraction is finished The cooling water in S' i' 
stopped, the vapors of the solution flowing from L into C travel to 



cooler R and are collected as liquid in reservoir V. The last traces 
of the solvent are removed from the extract and the spent material 
by means of direct steam. 

The extract is discharged through W and the extractor L at M. 
This apparatus permits intermittent and continuous extraction. In 
the latter case the flow of the fat-solution is so regulated that the 
level of the liquid in Z. is kept constant by the evaporated and regen- 
erated solvent. 

This universal extractor affords perfect safety ag*ainst ig’iiitlon 
and explosion, insuring a minimum consumption of the solvent, 
simple and economical operation and absence of odors. 

A twin apparatus for extracting essential oils is shown in Fig. 210. 
It consists of two stills which can be heated by leading steam into the 

false bottom ” or by direct steam led into the interior of the appa- 
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ratiis. The solid substances to be treated in the extraction apparatus 
rest upon a perforated plate. 

After charging the apparatus with the solid substances and the 
extracting liquid, the steam valve is opened, whereby the extracting 
liquid is vaporized. This vapor travels through the substance, rises 
upward along the dissolved components and enters the cooler. 



\\ hen leaving the cooler it is tested as to its “ extract ” contents, and 
recharged until it shows the concentration required. 

Separation by Sublimation. This process, in which gaseous dis¬ 
tillates are directly solidified without passing through the. liquid 
stage, is employed in the case of iodine, salammoniac and camphor. 
Fig. 211 shows a simple apparatus for subliming camphor. The 
refined camphor forms a solid cake at the top of the vessel, while 
the impurities remain as a residue on the bottom. 






Separation by Settling and Freez¬ 
ing. Liquids of different specific 
gravity which do not mix can be 
separated by allowing the heavier 
liquid to settle. The apparatus (Fig. 
212) has near the bottom an open¬ 
ing, to which an S-shaped overflow 




floating upon the water, only 
water will flow through this pipe, 
the oil is to be collected, the water 


Fig. 212. Separation of Oil 
FROM Water. 

ijc L.uueccea, me water 1 
let off until Its surface is on the same level as the cock at the lei 
side. Then the oil is allowed to run off through the cock. 
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Sometimes liquids are separated by cooling and rennoving the 
frozen part from the liquid (Lunge’s monohydrate process K 

Separation by Dissolving, Eluting and Decanting. prod¬ 

ucts obtained by chemical reactions frequently consist of several sub¬ 
stances of various composition, and thence, it is necessairv to treat 
the products of reaction further for separating their components. 
This treatment depends entirely upon the property of tlie mass to 
be handled; if the latter is perfectly soluble, it is treated with a 
liquid until it is completely dissolved, and then the individual com¬ 
ponents of the solution so obtained are separated by varioins methods. 
If the product of reaction is only partly soluble, a sokition is also 
made in a suitable solvent and the solution obtained is separated 
from the insoluble solid components by operations, such a.s filtering, 
etc. According to the solubility of the mass, various methods are 
used for effecting a complete recovery of the soluble coiviponents. 

Wherever water of ordinary temperature can be used, this nat¬ 
urally will be done, but in cases where cold water is not effective, 
hot water or steam has to he employed. This operation can be per¬ 
formed in open or closed vessels, and the decision in tlais selection 
will depend on the fact whether high steam pressure is required, and 
if during the solution detrimental vapors are generated. 

In many cases, in place of water, a dilute solution of tlie substance 
to be recovered will be used, as thereby the same is gradually con¬ 
centrated, which means a considerable saving of coal in the evapo¬ 
ration, eventually to be performed for final concentration. 

For increasing the velocity of the dissolving process and for 
obtaining solutions nearer to the point of saturation in. open and 
closed vessels, stirrers are used similar to those used in mixing 
machines. 

Vertical stirrers are to be preferred to horizontal ones, as in the 
latter the stuffing boxes of the shaft are exposed to a considerable 
wear, partly because they are always in the solution, coming con¬ 
tinuously in frictional contact with the solid particles contained in 
same, and partly as the entire pressure of the stirrer or agitator 
against the mass, and the weight of the stirrer has to be carried by 
them. A further disadvantage of the horizontal constrriction is the 
higher cost of repairs. 

In vertical stirrers only one stuffing box is required, wliich is pro¬ 
vided on the top, and which, in closed vessels, has to be only steam 
tight, as the solution does not come up so far. 
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The residuum obtained by the separation of the insoluble solid 
substances from the liquid (by simple filtering, centrifugals, etc.) 
contains generally so many liquid particles still enclosed, that the 
recovery of same is of advantage, and in some cases even absolutely 
necessary. Hence in filter presses the residuum is washed by means 
of water, diluted solutions of the respective liquid or by means of 
other liquids, either until the residuum is of the purity required or 
as long as the wash water obtained allows an economical using over 
of same. Similar conditions prevail with material obtained from 
centrifugals. 

If only the solid components are to be recovered, the wash waters 
obtained in the various stages are not separated; however, they are 
separated according to the specific gravity, if the solutions are to be 
worked up. This is done most conveniently by connecting the out¬ 
lets of the respective filtering apparatus with a main pipe line, and 
by leading the liquids therefrom, according to their specific gravity, 



Fig. 213. Shanks Apparatus. 


through various pipe lines to the storage vessels. The liquids of 
sufficient strength can now be worked up directly and the thinner 
liquids can be used as eluting liquor for enrichment. The proper 
selection of the eluting or washing arrangement and the limit to 
which these operations are carried on, is frequently of great impor¬ 
tance for economy. 

The materials used in the construction of these apparatuses depend 
upon the property of the solution; the construction and the operation 
of these apparatuses^ again, depend upon the materials. 

A dissolving apparatus which is used to some extent in the soda 
industries (Leblanc system) is the apparatus of Shanks, Fig. 213, 
which is based upon the fact that the specific gravity of a solution 
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increases with its concentration, and that a column of a weak solu¬ 
tion is kept in equilibrium by a lower column of a stronger solution. 
The tanks are arranged on the same level; water, passing through 
the tanks, is dissolving or .eluting the material and is getting con¬ 
stantly more and more concentrated. The column of the liquid is 
decreasing in height from tank to tank, from the first which contains 
pure water, to the last, from which the concentrated solution is 
running off. The tanks are provided with false bottoms, made of 
perforated sheet iron. A pipe T, open at both ends, and having a 
diagonal section at the bottom is reaching from the bottom of each 
tank to the surface. Each of these pipes T is provided at the top 
with a short horizontal pipe t, connecting one tank with the other. 
By means of the water pipes r each tank can be filled with water. 
Cocks R for discharging the solution are provided below the false 
bottom. For crude soda ash four washings are generally sufficient. 

A very simple and effective apparatus for rapidly dissolving, lixiv¬ 
iating, mixing and agitating such materials as chloride of lime, 
salts, sulphate of alumina, sulphate of ba¬ 
rium, etc., at an exceedingly small expense 
of power, without the use of steam is the 
machine shown in Fig. 214, which is built by 
Werner and Pfleiderer, Saginaw, Mich. In 
this apparatus the material to be treated is 
drawn with the liquid by means of a tangen¬ 
tial wheel into the interior of the same and 
is thrown out sideways with great force. 

As the material passes through the interior 
of the tangential wheel, up the wall of the 

egg-shaped trough, and in the axis of the B^ssolvtng 

Apparatus 

trough to the tangential wheel, there are 

many changes of the direction of motion, which result in an ener¬ 
getic treatment of the material. 

A decantation tank as built by the Allis Chalmers Co., Milwaukee, 
Wis., is shown in Fig. 215. It is of conical bottom shape and fur¬ 
nished with piping and centrifugal pump so that, after settlement is 
effected and the supernatant solution is decanted, additional solution 
or wash water may be introduced and thoroughly mixed with the 
solid material through the medium of agitation, employing a cen¬ 
trifugal pump, after which subsidence is permitted, followed by 
decantation. 
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Digesters. If liquids are to be heated to a temperature above 
their boiling point, u e., if the work is carried out under pressure, 
especially constructed apparatuses are used, which are called diges¬ 
ters. Digesters, like many apparatuses used in chemical engineering. 



are generally built to order, according to the designs of the chemical 
engineer of the firm which places the order. 

These are cylindrical or spherical vessels, which are, correspond¬ 
ing to the pressure generated, of heavy construction and generally 
provided with a removable cover on top, which allows the cleaning 
and inspection of the interior space of the apparatus. 

The digesters are further provided with charging openings, safety 
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•es, thermometer tube and manometer and are heated, bv mea-'- 
;team or direct firing. The latter either heats the w-ails direct, 
if a double wall is used, the heat transmitting substance, water, 
or alloys (Fig-. 216). 

; is frequently necessary to use digesters, which are provid.ed 
1 stirrers. 

s regards the materials to be used in the construction o f dige-ter- 



“I" 

Fig. 216. Digester 


3 obvious that they have to be selected according to tlio properties 
the substance to be treated in the apparatus; digeste-rs made of 
t iron are most frequently used; if necessary they are: lined with 
d or provided with an enameled lining. Wroughtiron a.nd copper 
only rarely used. 
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These apparatuses, which are 
built in various sizes, require, 
on account of the danger of 
operation, special care in the 
making. Hence a special brand 
of cast iron is used for prepar¬ 
ing the castings. The bolts are 
made out of rivet steel. Before 
being used these apparatuses 
are being tested at a pressure 
of TOO to 200 atmospheres, de¬ 
pending on the pressure which 
they will have to stand in the 
regular operation. 

The digester built by PI. W. 
Dopp Co., Buffalo, N. Y., con¬ 
sists of a steam-jacketed kettle 
provided with a strong domed 
and ribbed cover clamped, with 
steam-tight packing, to the 
kettle by means of eight cam 
clamps. The cover can readily 
be undamped and thrown back 
on a loose hinge by means of a 
light tackle. 

Separating Solids from 
Solids. The separation of sol¬ 
ids from solids is performed by 
various appliances, according to 
the size or according to the spe¬ 
cific gravity of the materials 
contained in the mixture. 

Screens. The separation of 
substances according to their 
size (''sizing'') is a matter of 
great importance in metallurgy 
and is generally performed by 
means of screens. Fig. 217, 
made of perforated metal or 


Fig. 217. Screen. 
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wire cloth. In concentrating works three, four or more screens 
are frequentl}^ combined to one unit. The first screen sepa¬ 
rates out all pieces too large for the ore treatment processes, 
so that they may be returned to the crushing machinery. The 
remainder passes through the perforation of the first screen, and 
is conveyed to the second screen, which has finer perforation or 
meshes and is placed at a lower level, and so on through the set, 
each screen furnishing a product sized between the limits of the 
size of its own perforations and the perforations of the proceeding 
screens. 

Inclined vibrating screens are also frequently used, the fineness 
of the separated product being dependent on the angle of inclina¬ 
tion at which the screens are set. 

Jigs. The oldest appliance for separating materials according to 
their specific gravity is the TIartz jig (Fig. 218). The essential 
features of this jig are: A two- 
compartment water tank, the com¬ 
partments being connected together 
at the bottom of the tank; a hori¬ 
zontal sieve near the top of one com¬ 
partment, and a plunger having an 
upward and downward movement 
produced by various devices, such as 
cranks, eccentrics, etc., in the other 
compartment. When ore properly 
crushed with its accompanying rock, 
earth, etc., is fed to the jig over the 
wire sieve, and both compartments 
are filled by a continuous flow of 
water and the plunger is set in mo¬ 
tion, its downward stroke will force 
a quantity of water into the other 
compartment and upward through 
the wire sieve into the mixture 
of ore and gangue resting on it. The force of this upward flow of 
water through the mixture raises it off the wire sieve and for an 
instant holds it in suspension; the heavy ore or '' concentrates 
settles to the sieve, and the rock, earth, etc., are driven to the top, 
where they are freed from the jig by a current of water flowing 
over the wire sieve. 
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The fine concentrates go through the sieve into the tank or 
‘'hutch of the jig, from whence they are removed through a hutch 



cock. After a bed, varying in thickness from to 3 inches, of 
coarse concentrates has accumulated on the sieve, the accumulating 


Fig. 2ig. Modern Jig. 
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surplus is removed through a “ side draw ’’ or other types of ore 
bed draws. 

The jigs are built with a varying number of compartments from 
one to six; they are placed one after the other in succeeding lower 
levels. The number of strokes of the plunger varies under differ¬ 
ent conditions, from 75 to 300 per minute. A modern jig is shown 
in Figs. 219 and 220; it operates as follows: 

Let ore be fed to the jig, and the tank filled by a continuous 



supply of water which just covers the plunger and the machine 
started in motion. As the cam revolves and the roller drops off its 
highest point, a quick downward stroke of the plunger is produced 
by the tension of the spring underneath the fixed I beam. The 
length of this stroke is adjusted by the nut above the beam which 
supports a rubber buffer on which the nut drops. The effect of 
this quick and positive downward drop is to force outward the 
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pieces of rubber belt on the sides of the plunger against pieces of 
enameled steel secured to the walls of the plunger compartment, 
and to deliver all the force of the stroke on the ore bed opposite, 
raising it off the wire sieve and leaving it in the desired condition 
of suspension in the water. 

The length of stroke, excepting in unusual cases, varies from 
three eighths to three quarters of an inch only; hence, when the 
roller drops off the high point of the spiral cam it does not touch 
its inclined plane surface leading up to the high point again, until 
a large portion of the revolution of the shaft has been completed. 
This affords the period of absolute rest for the plunger, a positive 
requirement to a perfect jig, and which permits gravity alone to 
act on the ore and gangue. When again the roller strikes this in¬ 
clined plane surface of the cam, its upward stroke to its highest 
point is comparatively slow, the flap valves on its sides instantly 
yield and allow the water to flow past them to All the vacuum below, 
and all tendency to produce the dreaded suction in the ore bed is 
completely stopped. 

Coal Washeries. Washed coal is so named from its hydraulic 
separation from impurities, such as slate, sulphur, clay, etc. The 
specifle gravity of coal is about 1.28, while that of the impurities 
is much higher. It is the usually accepted practice in washing to 
save as coal, material having a specific gravity of 1.35 and less, 
and to reject all material of a specific gravity over 1.45, because it 
does not contain enough coal to be worth saving. 

Complete coal washing requires three separate processes: 

1. The separation of the coal. 

2. The actual washing or mechanical separation from the 

impurities. 

3. The recovery of the washed coal and refuse from the water, 

and the disposition of these products in suitable bins for 
subsequent removal. 

To prepare the coal it is crushed to nut and screened into four 
or five sizes to facilitate the washing and sale of the clean product; 
or in a plant exclusively for coking, reduction of all the coal to a 
size of i inch or less. 

The scientific washing of coal has reduced itself to the use of 
the jig, of which there are two general types: 

I. Where the water is caused to pulsate through the material to 
be washed by the action of a plunger. 
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2. Where the material is carried in a box with perforated bottom, 
which is moved up and down in a tank of water. 



Fic. 22T. Link-Belt Luhrig Jig. 

The Link-Belt “ Luhrig ” Jig (Figs. 221 and 222) belongs to the 
first class and is the best known and most extensively used in this 
country and abroad. By the Luhrig process, coal is accurately 



Fig. 222 . Link-Belt Luhrig Jig. 


graded to size, two styles of jigs, as shown, being used: one adapted 
to nut coal and the other to the finer sizes. 
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The Link-Belt “ Stewart ” Jig, Fig. 223, gives good results with 
the coarser sizes of coal, but because of the size of screen and vio¬ 
lence of agitation necessary to proper separation of the coarser 
refuse from the coal, it is not suited to the finer materials. 

Concentrating Table. A concentrating appliance which is widely 
used is the concentrating table. Fig. 224 shows the Overstrom 
concentrator, which is manufactured by Allis Chalmers Co. This 
machine is a diagonal table, with the table top placed diagonal to 
the line of reciprocation, for the reason that in concentrating min¬ 



eral particles on a table three forces are employed: Gravity, recip¬ 
rocating motion, flow of wash water. 

Gravity acts on the mineral particles, forcing them downward, 
the heavier particles occupying the lower stratum. 

The reciprocating motion of the tables tends to bring the par- 
tides of ore forward in the direction of the line of reciprocation. 
This motion has a greater action on the particles of mineral, as they 
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are closer in proximity to the table surface, than on lighter gangue 
or silica, which remains on top of the mineral. 



Fig. 224 . OvERSTRo.M Coxcrktrator, 
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The flow of wash water, transverse to the reciprocating motion, 
produces a greater movement of the gangue or silica than of the 
mineral particles, owing to the diflference in specific gravity, and 
washes tlie particles of the lighter gangue a greater distance in a 
given time. As the gangue is on top of the mineral, it is acted 
upon more freely by the wash water, until a final separation takes 
place. 

Of the three forces employed, gravity acts in a vertical line, while 
the reciprocating motion and the flow of wash water act in nearly 
transverse horizontal lines. 

The resultant of the two horizontally acting forces is a line diag¬ 
onal to both. Consequently the travel of material, both mineral 
particle and gangue, is in a diagonal direction. For these reasons 
this table is built diagonally to the reciprocating force and to the 
flow of wash water. The long feed box provided on the table dis¬ 
tributes the feed evenly over a large surface, and as a result of the 
shaking, the box becomes an especially efficient sizer in itself. 

Washing Sand. A separating apparatus, which is used for wash¬ 



ing sand, is built by the Schutte and Koerting Co., Philadelphia, Pa. 
Such a plant is illustrated in Fig. 225 and consists of a series of iron 
boxes B placed in one or more rows, or in a circle, and in each of 
the boxes is installed a water jet eductor A. In the first box, the 
sand, which is to be washed, is admitted at / and at the same time 
is stirred by means of a clean water jet at X. The sand eductor 
is operated by means of clean water taken from pressure pipe P 
and lifts the sand to the second box. As the sand or gravel is 
heavy it drops to the bottom of the box, while the water mixing 
with the dirt on account of violent stirring, rises and overflows 
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together at 0 . In this manner there is obtained a perfect cleans¬ 
ing of sand by the use of clean pressure water only, without the 
assistance of any mechanical means. Such plants are suitable and 
quite important for water works, as well as glass manufacturing 
industries, where sand must be free from clay or iron. 

Movable arms are used to put in operation more or less boxes, 
according to the nature of material to be cleaned. For instance, 
in a plant of six boxes, a movable arm is placed in the third and 
sixth boxes, and then the sand may be run through all six or the 
plant may be operated in two rows, each using three boxes. It is 
desirable that the water should be as clean as possible, and the pres¬ 
sure at the eductor should be under a head of 30 to 40 feet, depend¬ 
ing upon the material to be washed. 

Magnetic Separation. Magnetic separation depends on the fact 
that some minerals are more strongly attracted by magnets than 
others. A widely used separator of this kind is the Wetherill.” 



CHAPTER XII. 


PURIFICATION OF GASES. 

Separation of Gases from Solids. The removal of dust from 
gases is quite an important metallurgical and chemical problem, 
which can be solved in different waj's. In all the processes used 
for this purpose, however, it is necessary to cool the gas before 
separation can be effected. In some cases a simple cooling is suffi¬ 
cient to remove the dust nearly completely. Such a gas-cooling 
apparatus is shown in Fig. 226. It consists of a sheet-iron channel 



K. The dust collects upon the bottom of same and is removed 
through openings v provided in certain distances. 

Filtration is frequently employed for collecting dust, which is con¬ 
tained in gases in a finely divided state. In the manufacture of zinc 
oxide, for instance, the air containing the oxide is filtered through 
bags in which the solid particles are retained. 

The air filter built by the Carrier Air Conditioning Co. is de¬ 
scribed in Chapter XIV. 

A decrease of the velocity of the gas current also facilitates the 
separation. For this purpose the gases are led into chambers or 
channels before they are allowed to escape through the stack, as 
decrease of draft is not nearly as effective as frequent and con- 
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tinned contact with large surfaces; narrow channels are more advan¬ 
tageous than large chambers. 

Another way of causing separation is the change of direction of 
the gas current, which is the more effective the cooler the gas. 
Zig-zag shaped channels are used for this purpose. 

For removing the dust from blast furnace gas, wet processes are 


W*.TeR IMLET 



Fig. 227. ZscHocKE Scrubber. 


almost exclusively used. In the Zschocke system the gas is washed 
in scrubbers, which are so constructed that they cannot be clogged 
up by the dust. Fig. 227 shows a sectional view of such a scrubber, 
Fig. 228 illustrates the arrangement of the scrubber filling. In the 
Buffalo system, built by the Buffalo Forge Co., the gas is exposed 
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to the action of a rapidly revolving fan, Fig. 229, into which water 
is injected, the removal of the dust being due to centrifugal force. 



Fig. 228. Scrubber Fitxtng. 


The dust particles are thrown against the water covered surface of 
the interior of the housing. This surface is kept covered with a 
water film by a spray which fills the interior of the fan at all times. 



Fig. 229. Buffalo Gas Cleansing Fan. 

An effective method for removing solids from gases is the appli¬ 
cation of a fine spray of water whereby the dust is precipitated. 
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Fig, 230 shows one of the spray nozzles as they are manufactured 
by the Schutte and Koerting Company, Philadelphia, Pa. They are 
made for various applications, according to the pressure of the 
liquids to be atomized; further, according to the diameter of the 



orifice and the form of the spray, any or all kinds of effects may 
be accomplished. 

The-working of these nozzles is clearly shown in Fig. 231, which 
illustrates the application of these instruments in sulphuric acid 



Ftg. 23 t. Application of Spray Nozzle. 


plants. In such plants the output is considerably increased, com¬ 
pared with the old system, where steam was injected in the acid 
chambers, for the reason that the steam condenses very slowly, 
especially during the hot season, thus reducing the output of the 
plant- 
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In the cut, which shows the arrangement of the Koerting glass 
or platinum spray nozzles, the water enters at P, passes through the 
filter and from there through the float valve B into the tank, 
from where the pump takes the water, forcing it under sixty pounds 
pressure to the nozzles installed on the top of the chamber. Each 



Fig. 232. Removing Dust by IMeans of Spray Xozzle. 

nozzle is protected by means of a separate strainer, which is neces¬ 
sary on account of the small openings. 

The application of these nozzles for removing and precipitating 
dust is shown in Fig. 232. The air or gases enter at E and are 
discharged at A completely cleaned. The air is forced through the 
dust collector by jet ventilators or rotary fans. The precipitating 
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of the dust and vapors is done by means of nozzles. The pressure 
water for the nozzles is carried to the apparatus after it has passed 
the strainer S. The water is discharged through pipe L. These 
dust collectors have proven very satisfactory in various industries. 

In connection with grinding installations, where dust is to be col¬ 
lected in a dry state, without the use of sieves, so called air sepa¬ 
rators are used. 

In the separator of Mum fort and Moodie, shown in Fig. 233, a 
ventilator E is provided upon the vertical shaft The latter car- 



Fig. 233. Separator of Mumfort Fig. 234. Vacuum Separator. 

A XU .MoodIE. 

rics also the distributing plate F, the object of which, as the name 
implies, is to distribute over its periphery the material to be sepa¬ 
rated. By a system of rings, disks and cones, the air drawn in by 
the ventilator is forced through the material which is constantly 
falling down in the shape of a bell. The air current carries the 
fine, dusty particles along and enters the ventilator, the mixture 
being thrown against the wall of the cylindrical tank A. The fine 
particles are carried to the bottom by the air current. The coarse 
parts not carried along by the air current fall into the interior cone 
B and may be retransported to the mill through pipe a, while the 
separated fine product falls into the space between housing A and 
cone B, and is removed from here by hand or screw conveyer. 
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A vacuum separator which is successfully used in connection with 
any form of grinding mill, the material being elevated and dis¬ 
charged into the hopper of the separator in the same manner as to 
a bolting reel, is shown in Fig. 234. In this apparatus, which is 
built by the Raymond Brothers Impact Pulverizer Co., Chicago, 
III, the material is fed automatically into the center of the tailing 
spout, above where the return air enters. 

Separation of Gases from Liquids. If it is desired to separate 
gases from liquids in which they are absorbed, the process to be 





applied will be different according to whether the gas liberated is 
to be used or wasted. In the former case a distilling apparatus 
with condensing cooler will have to be used, while in the latter case 
an evaporating apparatus can be applied. Gases that are absorbed 
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by liquids at high temperatures can be conveniently separated by 
cooling the liquid. An apparatus which is successfully used for this 
operation is Mohr’s cooler, Fig. 235. It consists of zig-zag shape 



Fig. 236. Tar Extractor. 

pipes, containing in the interior cooling pipes of the same shape. 
The outside pipes A are connected at the top and the bottom by 
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so-called connecting boxes; in the bottom boxes outlet openings are 
provided for the liquids separated. 

The separation of gases and liquids is of considerable importance 
in the manufacture of illuminating gas; as these apparatuses can 
also be used in other analogous operations occurring in the chemical 
and metallurgical industries, we are going to discuss the principle 
types. 

The most widely used tar extractors are the ones of the Pelouze 
and Audouin type. They are built in the United States by the Gas 
Machinery Company, Cleveland, Ohio. Fig. 236 shows the general 
view of a tar extractor. Fig. 237 the drum, and Fig. 238 a cross- 
section. 

This apparatus consists mainly of an outer cylindrical cast-iron 



Fig. 237. Drum of Tar Extractor. 


cover, provided with inlet and outlet openings for gas and overflow, 
for products of condensation, and contains a drum of perforated 
sheet steel counter-balanced by a weight on the outside, the connec¬ 
tion being made through a hydraulic seal on top of the apparatus. 
The drum constitutes the extractor proper. The inner sheet is per¬ 
forated, with rows of closely spaced round holes, and the next sheet 
with large rectangular slots, so arranged as to offer a blank surface 
opposite the small holes of the inner sheet. The two outer sheets 
are similarly arranged and are provided to increase the elTcicncy 
of the apparatus. 

On entering the inlet the gas ascends into the cylindrical chamber, 
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passes through the perforations of the drum, and is divided into 
small jets, which strike against the solid surface sheets placed close 



Fig. 238. Cross Section of Tar Extractor. 


to the perforated plates. In passing through the small perforations 
the liquid molecules are wire-drawn, and therefore brought into 
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close contact with one another, the action being completed by con¬ 
tact with the solid surface upon which the tarry matter is deposited. 



Fig. 239. Section through Washer Parallel with Ducts. 


whence it flows down the surface of the plate into the annular tar 
chamber, and from there through the overflow to the tar well. 

The drum properly balanced is capable of acting as its own regu- 



___ _ _ n ve gA5 M A CH.Co.^t3 0. _ 

Fig. 240. Cross Section of Ducts. 

lator; when there is an increased make of gas, the cylinder rises, 
and a great number of perforations are exposed to the passage of 
the gas. 
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Separation of Gases from Gases. For separating' gases from 
gases, the absorption process is used in practice. The gas not 
absorbed by the liquor used can be collected and the absorbed gas 
■worked up separately. 

If the gas mixture consists of more than two gases, as is the case, 
for instance, with crude coal gas, the various gases are absorbed 
consecutively in various vessels. 

As the liquefaction of different gases depends on pressure and 



the OAi. Y cs "las 


Fig. 241. Section through Washer across Ducts. 

temperature, this property can also be used for separating gases 
(Gailey’s process of drying the blast). 

The following examples will show the most important types of 
apparatus used for separating gases: 

An apparatus for removing and absorbing ammonia from gases, 
as built by the Gas Machinery Co., Cleveland, O., is shown in Figs. 
239 to 241. Fig. 239 .shows a section through the washer parallel 
with ducts, Fig. 240 a cross-section of ducts in operation, and Fig. 
24T a section through the washer across the ducts. 

This washer consists of a rectangular cast-iron box and a top 
cover of sheet steel. A gas inlet distributing box and a gas outlet 
box are bolted to the outside of two side plates and provided with 
openings for gas inlet and outlet connections. Ducts of sheet steel, 
specially perforated, extend horizontally across the inside of the 
17 
























242 APPLIANCES OF CHEMICAL AND METALLURGICAL INDUSTRIES. 


washer, one end of the upper circular part of the ducts connecting 
through round openings in the inlet side plate with the inlet distrib¬ 
uting box, and the other end placed against round openings in the 
opposite side plates. The upper or outlet compartment above the 
ducts is connected with the gas outlet box by means of a long hori¬ 
zontal opening placed near the top of the box. 

The washer is allowed to fill with liquor until the depth of seal 
through which the gas has to force its way will show a differ¬ 
ential pressure of about three inches. The overflow should be set 



Fig. 242. Absorption of Hydrofluoric Acid Gas. 


to allow the liquor just to pass when this point is reached, the cock 
in the equalizing pipe being open. 

The gas first passes into the inlet distributing box and through 
the circular openings in the inlet side plate into the upper part of 
the ducts, depressing the liquor in the narrow throat of the ducts and 
passing through the small holes in the slanting surface of the sub¬ 
merged part, thereby effecting a fine distribution of the gas, which 
passes up through the liquor in minute bubbles. 

The gas then goes into the top of the washer and through the 
long horizontal opening into the outlet box. 

The long horizontal outlet opening extends nearly the whole wddth 
of the box, and is made of ample area to allow for the slow and easy 
passage of the gas. This prevents carrying entrained water with 
the gas. 
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Of entirely different construction are the apparatuses which are 
built by Schutte and Koerting, Philadelphia, Pa., for absorbing gases 
and condensing vapors. Here an extremely fine spray of water, pro¬ 
duced by the above described spray nozzles, is applied to the gas 
mixture. Fig. 242 shows an installation of this type for the absorp¬ 
tion of hydrofluoric acid gas. A hood is placed over the pit and is 
connected to a wooden tower, to the top of which spray nozzles are 



Pig. 243. Condensing Foul Vapors. 


attached. The vapors free of hydrofluoric acid gas pass through the 
outlet to a chimney or fan. 

An arrangement of the same type for condensing foul vapors is 
shown in Fig. 243. The fumes are sucked off by means of a water 
jet exhauster and pressed into the absorption chamber, in which 
spray nozzles are installed, which treat the gases on their way up 
and down in the chamber, the latter being equipped with proper 
partitions. 
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EVAPORATING, DISTILLING AND CONDENSING. 

Evaporating. Steam is used for evaporation either directly by 
passing through the liquid to be evaporated or indirectly by em¬ 
bedding steam pipes within the liquid. 

If the nature of the liquid prevents the use of metallic vessels, 
stoneware vessels are generally used with direct steam. Fig. 244 
shows such an arrangement in which the stoneware vessel is placed 

within another vessel, the space between 
the two being filled with a non-con¬ 
ductor of heat, as cement, etc. 

If the liquid is heated by means of 
'steam coils, the latter may be of various 
shape, size and material. Spiral pipes 
are most generally used. Care has to be 
taken that a moderate inclination pre¬ 
vails throughout, so that the condensed 
water can run off freely. To prevent 
losses of steam and in order to be able 
to work under pressure it is absolutely 
necessary to connect the end of the 
heating coil with a condenser, which 
naturally has to be watched to prevent 
the coil from being filled with water. 

Steam coils are used for evaporation either in open or closed 
vessels, depending upon the nature of the liquid and of the vapors 
formed. 

PL W. Dopp Company, Buffalo, N. Y., manufacture a number of 
excellent appliances for evaporating and heating purposes, ranging 
from I to 500 gallon capacity, inclusive. Fig. 245 shows their cast- 
iron seamless steam-jacketed kettle, which is perfectly smooth, both 
inside and out, is of convenient and efficient shape, cast in one piece 
(thus avoiding joints and rivets) and is easy to clean and to keep 
clean. The inner and outer shells are thoroughly braced by the 
system of stay bolts, not ribs (see cut), which are cast at the same 



Evaporator. 
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time as the shells. This allows perfect circulation and makes an 
absolutely safe jacket kettle. All sizes except the one-, four- and 
ten-gallon, which are fiat bottom, are tested to 150 pounds hydro¬ 
static pressure; these to 100 pound. Any size to stand higher pres¬ 
sure to order. 

One might think that, because of cast iron, these kettles are easily 
cracked and not safe for high steam pressure. However, this is not 
the case, as, through the patented stay bolt construction, the unsup¬ 
ported area is governed at will. These kettles have been in actual 
successful use for years in the hardest kind of kettle service. 



Fin. 245. Dopp’s Skamlks.s Stk.\m Jacketi-d Kettle. 

Outlets for contents are furnished with these kettles in various 
sizes and styles; special designed outlets are supplied, if it is neces¬ 
sary to have the inside of the kettle flush for preventing the pock¬ 
eting of any of the material. 

Bracket lugs for attaching agitators and mixers are regularly fur¬ 
nished with these kettles on 65-, 80- and lOO-gallon sizes. Separate 
lugs are carried in stock by this firm, so that any size kettle can be 
equipped with a bracket lug on order, or, if it is so desired and time 
will permit, any size can be originally cast with this lug. 

Kettles of one-gallon capacity are supplied on fixed legs; 4- to 
125-gallon capacity on removable legs, as shown in the cut. All 
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other size kettles are fitted with legs as shown in the case of the 
high-jacketed kettle, which is described below. This firm also has 
a great many different size leg patterns, to give customers various 



Fig. 246. Rectangular Kettle. 

height from floor to outlet or rim of kettle. Kettles up to and 
including 175-gallon capacity are carried in stock, while the larger 
sizes are furnished on order, as they invariably have some special 



Fig. 247. TTicii Jacketed Kettle. 


features, which can be better embodied in making original castings. 
Steam connections, both inlets and drips, arc as follows on these 
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kettles: One gallon, i inch ; 4 to 50, if inch; 50 to 200, i inch; 200 to 
1^00, inclusive, 1-4- inch; two inlets on opposite sides near the top of 
the jacket, and one drip flange at the bottom are regularly supplied. 

The H. W. Dopp Company has successfully developed a method 
of finishing the interior of their kettles, mi.xers and vacuum pans 
with a heavy coat of electrolytically deposited copper or nickel, which 
gives great satisfaction where the use of cast iron is prevented by the 
natur^of the chemicals used. These kettles take the place of enam¬ 
eled kettles, and where they can be used, of course, are very much 
superior, as the best enameled kettle will crack if not handled prop¬ 
erly and according to directions. It is well known that by pouring 
a cold liquid into a hot enameled kettle the enamel will crack. 



Fig. 248. Soap Crutcher. 

A seamless steam-jacketed rectangular kettle is .shown in Fig. 246 
This firm also makes high-jacketed kettles for use, where it 1; 
desired to have the substance being treated in contact with heat as 
much as possible. As seen from Fig. 247, this kettle is considerable 
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higher in proportion to the diameter than the standard seamless 
kettles described above. 

The high-jacketed kettle is generally equipped with an agitator 
consisting of paddles of various shapes. The shaft, which is sup¬ 
plied with an oil catch cup to prevent oil from getting into the sub¬ 
stance, is driven by a cast-iron worm wheel with steel worm. 

The remelting crutcher (for soap works), built by the same firm, 
is constructed along the same lines as the seamless steam-jacketed 
kettle. A large outlet is supplied in the center of the bottom for 



Fic. 249. Engine Driven Crutcher. 

the discharge of the contents. A steam heating radiator, composed 
of a series of vertically arranged pipes having open spaces between 
them, screwed into a header, is placed in the center, and through this 
radiator steam passes directly to the jacketed part of the kettle, 
which can be cut off from steam supply so that the inner cylinder 
only has steam. The kettle is also arranged so that connections can 
be made, allowing steam in the jacket only. Fig. 248 shows a 
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Crutcher as used in soap works. A conveyor screw is placed in the 
center of the radiator. As soon as a portion of the soap is melted, 
the screw is set in motion, thereby lifting the soap and crowding it 
over the top of the radiator surrounding the screw, the centrifugal 
force forcing it out through the open spaces left between the pipes. 
The constant motion of the screw shears up any pieces, and thus, in 
comparatively short time, the largest scraps are completely cut up. 
and the whole kettle full of soap will be thoroughly melted. Owing 
to the open spaces left between the pipes composing the radiator, 
there is no splashing of the contents whatever, however fast the 
conveyor screw is worked. 

If desired, moist steam may be passed through the material to be 
treatetl or cold water may be passed into the jacket and radiator to 



Fin. 250. VACT CM Pan. 

facilitate the cooling of the material. The conveyor screw is worked 
by a pulley and belt, driven by power. The conveyor screw may be 
worked backward or forward by merely shifting the clutch that 
drives the bevel gearing. An engine-driven crutcher is shown in 
Fig. 249. 

Among closed vessels heated with steam coils the vacuum evapo- 
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rators have to be mentioned. Sometimes steam jackets or a combi¬ 
nation of steam jackets with steam coils are used in place of coils. 
These vacuum tanks are made in various shapes, the most suitable 
form depending on the nature of the material to be handled. Before 
the vapors leave the apparatus, they must generally pass through a 
trap provided at the top for catching and retaining any liquid par¬ 
ticles. The apparatus is also equipped with a discharge opening at 
the bottom, a thermometer, a vacuum gauge, test cocks, steam, water 
and liquor valves, etc. 

Fig. 250 shows a cast-iron seamless steam-jacketed vacuum pan, 
which is extensively used. This pan is built by the H. W. Dopp 



Frc. 251. Evaporator Made of Three Parts. 

Co., Buffalo, N. Y., and is provided with mixer attachments which 
are made in any form desired. It is particularly adapted for boiling 
and evaporating substances quickly, and in cases where the substance 
is to be evaporated down to a crystal or powder form. They are 
made from 10- to 1,000-gallon capacity, inclusive. 

Fig. 251 shows an evaporator built up of three parts, each of one 
single piece. 

Formerly steam for the steam coils was directly taken from the 
boiler, but at present exhaust steam is also used for this purpose. 
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This, however, necessitates a considerable increase of the heating 
area. A large heating area, however, cannot always be provided by 
coils. Special tubular heating structures are, therefore, frequently 
used, as in the various evaporators to be described below. 

The steam has to enter into the vessel as near to the top as pos¬ 
sible, while the outlet for the condensed water is provided at the 
bottom of the vessel. If the steam for heating is to be used at a 
lower pressure than the boiler steam, a suitable valve for reducing 
the pressure must be employed. 

In stoneware vessels, that part which is hit by the entering steam 
is prcferabl^^ protected by a shield of sheet metal, while in metallic 
vessels joints between different parts are often made by screws. 
Different parts of stoneware vessels are preferably joined by means 
of Portland cement. 

For substances which have a boiling point of over 200 degrees 
superheated steam has to be used, and in such cases the evaporator 



shown in Fig. 252 is successfully employed. In this case the coils 
are cast into the walls of the vessels, which may also be provided 
with a stirrer. 

According to IT. Claassen the main features of modern methods 
of evaporation are the use of a high vacuum and the principle of 
multiple effect evaporation. The steam evolved in evaporation may 
be led into another set of steam coils and used again for evaporation. 
Two apparatuses coupled together represent a double-effect evapo¬ 
rator; three a triple-effect evaporator, etc. We will now describe 
the most important types of multiple-effect evaporators used in the 
chemical industries. 
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In the Yaryan evaporator (Fig. 253) the material is kept in very 
rapid motion so as to be in contact with the heated surface only for 
a moment. The liquid to be concentrated is fed into one end of a 
three-inch tube coil, fifty feet in length, and the rate of feeding is so 
adjusted that the given heating surface will concentrate the liquid 



to the desired density. Only in extreme cases is it necessary to 
return the concentrated liquid for reevaporation. 

Exhaust steam can be used in this system without difficulty. For 
liquids that require a high temperature for evaporation Yaryans are 
built that can be used under loo-pound pressure with perfect safety. 

In the operation of this apparatus the steam is led into the cylin- 
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clrical chamber surrounding the coils in the first effect. The liquid 
to be concentrated is fed into the first tube of the return bend coils 
of the first effect in a small but continuous stream, and immediately 
begins to boil violently. It becomes a mass of spray, containing, as 
it rushes along the heated tube, a constantly increasing proportion 
of steam. 

The inlet end of the coil being closed to the atmosphere, and the 
steam being continually formed, the contents are propelled through 
the tubes at a high velocity, finally escaping from the last tube of 
the coil into the separator. 

Here the steam or vapor, with its entrained liquid, which has been 
reduced in volume by the evaporation, is discharged with consid¬ 
erable force against baffled plates, which separate the liquid from the 
steam, causing the former to fall to the bottom and permitting the 
latter to pass off through an ingeniously contrived catch-all, which 
effectually removes any remaining liquid, into the chamber sur¬ 
rounding the tubes in the second effect, where its heat is utilized for 
further evaporation of the liquid. The liquid from the bottom of 
the separator of the first effect passes into the coils of the second 
effect, and in it the same process takes place as in the first effect, 
and so on through the entire series, whether a triple, quadruple, 
etc., effect is used, the volume of the liquid being constantly reduced 
in each effect. 

The steam from the final effect goes to the condenser and the 
vacuum pump, a high vacuum being thereby maintained in the sepa¬ 
rating chamber and consequently in the coils. Hence the boiling 
point of the liquid is at a lower temperature than that of the sur¬ 
rounding steam, and by the condensation of the steam from the 
previous effect upon the cooler pipes in the next effect a less perfect 
vacuum is maintained in the preceding effect. 

Thus we have in the series of effects a gradual reduction of pres¬ 
sure and in boiling temperature, and this automatically adjusts 
itself, whatever the number of effects, so that the licjuid is brought 
to the boiling point by the steam produced by its own evaporation in 
the preceding effect. Since a complete condensation of the vapor 
surrounding the coils in each effect takes place, and the boiling 
point of the liquid within the coils is below the temperature of the 
vapor outside, not only sensible heat available on account of the 
temperature difference outside and inside, but also the latent heat 
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of the condensing vapor is absorbed by the liquid and used for 
evaporation. 

Ordvvay has designed a concentrator and separator which is based 
on the principle that a liquid concentrated to the crystallizing point 
will, if cooled, precipitate more rapidly and give a more complete 
separation. While the liquid is being concentrated it comes in con¬ 
tact with heating and cooling surfaces alternately, and in its passage 
from a cooling surface to a heating surface it passes through a pre¬ 
cipitating chamber, where there is sufficient space to collect the 
crystals for removal. Should the original liquid be sufficiently cool, 
it is used as the cooling medium before being fed into the evaporator. 

The crystals are continuously removed from the precipitating 
chamber to a draining tank, which is under the same vacuum as the 
evaporator, and the dmined liquid continually returns by gravity to 
the evaporator for reevaporation. When the drain tank is filled 
with the crystals, the circulation is stopped, or changed over to a 
second draining tank, and the crystals are removed from the first 
tank in a comparatively dry state. 

The Ordway concentrator (Fig. 254) is made up in sections, the 

different sections having the same 
proportion of heating surface to 
cooling surface and of vapor 
chamber to precipitating chamber. 
These sections are flanged in such 
a manner that they may be bolted 
together to make up one evapo¬ 
rator effect of any size or capacity 
required, and when an increase of 
capacity is desired, all that is 
necessary is to add one or more 
sections to each effect, thus avoid¬ 
ing the necessity of installing a 
new plant. 

The Ordway is built for single or 
multiple effect, and is provided 
with all the convenient appliances of an evaporating plant, such as 
eye-glasses in each effect, for observing the action of the liquid 
while boiling, a tester for testing the density of the liquid, water 
gauge, automatic feed regulator, condenser, pumps and all inter¬ 
mediate piping. 



Fig. 254. Ordway Evaporator 
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The submerged tube type of evaporator is represented by (i) the 
so-called standard evaporators, consisting* of vertically cylindrical 
shells fitted with vertical tubes, the steam being supplied to the out¬ 
side of the tubes and by (2) the horizontal tube apparatus, which 
carries the steam inside the tubes submerged in the boiling liquor. 
A well-known type of the latter is the old Swenson evaporator (Fig. 
255), which shows a small double effect on this system. The shell 



is of heavy cast-iron plates; tubes of seamless copper or steel, in¬ 
serted in place by the use of elastic gaskets and packing plates, 
making possible their ready removal. The advantages of this type 
consist of the shallow heating surface, the large area provided for 
the liberation of the generated vapor, absence of expansion troubles 
at the tube joints, case of operation, and absolute control of liquor 
density. When desired the steam chests can be so arranged that 
any desired percentage of increase of heating surface can be secured 
by merely adding the necessary tubes. 

The latest development in multiple effect apparatus is the Zaremba 
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round-body evaporator, shown in Figs. 256 and 257, which com¬ 
bines all the advantages of the Swenson heating surface with the 
structural advantages possessed by the shell of the standard type. 
It will be noted that the joints are reduced to a minimum, internal 
braces are eliminated and that the pans can stand a considerable 



internal pressure without injury. Furthermore the down-takes are 
so designed that a much better circulation is obtained, giving a heat 
transmission per square foot of heating surfaces over 20 per cent, 
greater than is the case with the Swenson. In this connection, it 



Frc. 257. Zarmmua Evaporator, PIorizoxtal Cross Section. 

should be borne in mind that the old style horizontal heating surface 
gives 30 per cent, better transmission than the vertical tubes of the 
standard evaporator. 

The Newhall evaporator, as built for chemical works, etc., is 
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shown in Figs. 258 and 259. A is the steam trunk, from which the 
evaporator draws steam of the desired pressure. A^, Ao, A^ are 
compartments from which the tubes are supplied with steam; B are 
the steam-heated tubes ; C the boxes for condensing water at the 
lower end of the apparatus; D a float box with disk valve; E the 
space for the vapor and boiling solution; F a baffle float box with 
disk valve; G the outlet for vapors and pipe connection between 



this effect and the next one; H eight glasses to inspect the boiling 
conditions ; 1 manholes ; and K removable covers on the steam boxes. 

A vertical longitudinal section through the body of a Lillie evapo¬ 
rator is shown in Fig. 260. The vapor ends of the tubes are closed. 
The condensed steam inside the tube flows back in the “ steam end ” 
and thence through a steam trap usually into the steam end of the 
next coolest body. 

The cut shows the circulation of the solution over the tubes as a 
heavy shower maintained by a centrifugal pump. The circulation 
is independent of temperature, and on the tubes there is no depth 
18 
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jf Ihrough u'hich vapors formed would have to force 

tiicir escape. 

The Kestner evaporator (hig. 261) utilizes the principle of film 



Fk:. 259. Niavhall T'a'Apokator. 


evaporation in a simple manner, hlie clesigm of this apparatus is 
such that the film is forced to cling* to the heating* surface inde¬ 
pendent of gravit}', instead of being forced away frorn the hot sur¬ 
face by the steam disengaged, d'his means a very effective use of 



Fk;. edf). I.irj.fK 1'.vap(irat()R. 


the heating surface and the possiliility of concemtration to the de¬ 
sired degree on one passag(‘ thrrnigh the tnlx'S. 

















EVAPORATING, DISTILLING AND CONDENSING. 


259 


This climbing film ” evaporator and the distribution of the film 
over the heating surface is made automatically by the disengage¬ 
ment of the steam. The tubes in a Kestner evaporator are ordi¬ 
narily vertical and are about twenty-three feet long. The liquid is 
fed in at the bottom and the suppl)' is so limited that the tubes are 
practically empty. 

At the start the liquid begins to boil in the tubes and very shortly 
such a violent ebullition occurs that the vapor, occupying many 
limes the volume of the liquid, rushes 
through the tube at such a velocity 
that it carries with it against the hot 
walls of the tube a thin film of liquid. 

This liquid film, together with the 
vapor, is discharged against suitably 
designed vanes of a centrifugal sepa¬ 
rator. In this way the concentrated 
liquid is whirled against the walls of 
the vapor belt and the vapor, thor¬ 
oughly separated from the licfuid, 
passes off to the next pan or condenser. 

From this description it will be 
readily understood that the liquid is 
automatically elevated and evaporated 
in passing, the concentration depend¬ 
ing on the amount of liquid admitted. 

This results in an evaporator essen¬ 
tially different in appearance from 
others. 

Distilling. A special case of evap¬ 
oration is distillation for the purpose 
of separating liquids from each other. 

Every distilling apparatus consists, as a rule, of three parts: (i) 
The vessel containing the liquids to be separated, (2) the cooling 
apparatus, and (^) the vessel for receiving the distilled liquid. 

The setting of a cast-iron still is shown in Fig. 262. Eight lugs 
cast into the shell of the kettle rest upon an iron ring in the brick 
work. Eight openings of various size are provided in the ring 
(those nearest the stack being the smallest), so that the fire gases 
are forced to play uniformly around the walls of the still. The fire 
gases pass through these openings to the stack. 
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On account of the low location of the grate, the flame does not 
come in contact with the vessel, whereby the life of the plant is 
considerably prolonged. 

Many evaporators can be transformed in a simple way into a dis¬ 
tilling apparatus (Fig. 263). 

A distilling apparatus for making sulphate of ammonia or con¬ 
centrated ammonia solution from gas water is shown in Fig. 264. 



Fig. 262. Cast-iron Still. 


In this apparatus, which was designed by J. L. C. Eckelt, in Tlerlin, 
steam jet blowers are used instead of coils, whereby a more thorough 
mixture of gas, water and milk of lime is efifccted, the capacity of 
the apparatus is increased and the steam is better utilized. This 
apparatus consists of three parts, the lower boiler, the upper boiler 
and the tower on top of the latter. In the manufacture of sulphate 
of ammonia, the ammonia liquor to be distilled flows through pipe 
a from a higher reservoir into the preheater B, and then through b 
into the tower. Steam enters the lower and upper boilers through 
valve c. 

By means of a steam jet blower the gas water is constantly kept 
in motion and thoroughly mixed with the milk of lime pumped in 
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from the reservoir D through pipe d. The dissolved ammonia gas 
rises with the steam through the tower, while the water flowing the 
opposite way condenses the steam and liberates the ammonia. 

The rising ammonia passes through pipe g into the saturating 
box C and is absorbed by the sulphuric acid contained therein. 
Foreign gases and vapors are carried by pipe i to a fireplace or 
stack. Through valve / the lime mud is allowed to drop into the 
lower boiler from time to time. Through cock f the mud is dis¬ 
charged from the lower boiler. 

The distilled gas liquor runs off through cock e. When the appa- 



Fic. 263. Distillinc; Apparatus. 


ratus is stopped, the stopper k of the box C is removed to prevent 
the formation of a vacuum in pipe g by condensation of the am¬ 
monia gases. 

For treating certain substances, distillation in vacuo is frequently 
applied. Tn this case the vessel, which serves as receiver for the 
distilled substance, is connected to a vacuum pump or to a steam 
jet blower. 

A simple vacuum plant, in which the vacuum is effected by a 
Koerting steam jet exhauster, is shown in Fig. 265. D is the 
vacuum kettle, C the condenser, K the cooler, E the exhauster, 5 
the steam supt)ly. 
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Condensers. The condensation of steam in a separate chamber 
from the engine cylinder instead of by a spray of water injected 
into the cylinder itself after the steam piston had completed its 
stroke, was an invention of James Watt, in I 7 b 5 > fo*" which he 



Pig 264. Distilling Apparatus for Sulphate of Ammonia. 


received letters patent in 1769. It was the first step in the history 
of the steam engine in the direction of increased efficiency from 
the atmospheric engines in use at that time, towards the present era 



of high steam pressure and multiple expansion condensing engines. 

Where a sufficient quantity of water .suitable for boiler feeding 
purposes is available, the jet condenser, being the simplest and 
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easiest to operate, is preferable. Where, however, water suitable 
for boiler feeding; is not available, a surface condenser may be used. 
In this type the steam is condensed in a condensing chamber on the 
surface of tubes through which cold water is circulating, and the 
distilled water so furnished may be again fed to the boilers. Where 
any considerable amount of cylinder oil is used, some provision must 
be made with surface condensers to remove this oil before the water 
is fed to the boilers. With either t3pe the quantity of water to be 
circulated through the condenser should be from 20 to 40 times the 
quantity of steam to be condensed, depending upon the temperature 
of the water available for condensing purposes. 

American condenser manufacturers have recently introduced sev¬ 
eral types of self-cooling condensers by which the hot water deliv¬ 
ered from the condenser pumps can be cooled and re-used, so that 
with water sufficient in quantity for boiler feed purposes only, the 
plant may be located at any convenient point, and still retain the 
fuel saving and other benefits of high steam pressures and con¬ 
densers. 

Among the different types of jet condensers the Koerting jet con¬ 
denser, which is built by the Schutte and Koerting Company, Phila¬ 
delphia, Pa,, is widely used on account of its simplicity and relia¬ 
bility. In this condenser the exhaust steam enters with the cooling 
water into the condensing chamber, where the steam is condensed 
direct by the water. This physical process being completed, the 
water jet, united with condensed steam and the non-condensible 
gases, has to be discharged against tlie pressure of the atmosphere. 
This mechanical work is done by the same water jet, which, for that 
purpose, has to enter the condensing chamber in a solid jet, and 
after the steam is condensed enters the discharge cone or tail-pipe 
with such a velocity that it overcomes the pressure of the atmos¬ 
phere, being powerful enough to expel the air. To keep the jet 
straight it is surrounded by a combining tube, in which ports are 
drilled at a suitable angle, through which the steam from the con¬ 
densing chamber enters and is condensed by the jet. The holes arc 
cut in an angle, tending to give the water a high velocity. These 
condensers are manufactured in two types, eductor and induction 
condensers, each having its separate and distinct application. 

Eductor condensers require a head of water of twenty feet, and 
work with absolute certainty under all conditions of load yariation, 
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and the air and non-condcnsable gases are discharged with the water 
without the assistance of air pump. An eductor condenser is shown 
in Fig. 266. The advantages of these condensers are: 

1. Absence of air pumps, which require a large amount of power 
and cost of maintenance. 

2. Full water openings, preventing any clogging up of the water 
supply. 

3. Short exhaust pipes between the engine or turbine to con¬ 
denser ; hence there is no trouble on account of a leaky exhaust pipe. 



CoNDENSKR. FtG. 267. AtTACTTMEXT OF KdUCTOR CoXDENSER. 


4. On account of the low cost of these condensers it is possible 
to adapt condensation for a steam engine during the summer, while 
during the winter the exhaust is used for heating purposes. 
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The attachment of an eductor condenser is shown in Fig. 267. 
A is the condenser, B the water check, C the free exhaust, D the 
strainer, E the foot elbow, C\ and Co arc variations of free exhaust. 

Except with small engines, it is advisable, wherever practicable, 
to have a separate condenser for each steam unit. If this cannot 
be arranged a drum of sufficient area, into which a number of en¬ 
gines exhaust, can be arranged and the condenser attached. Such 
plant has the advantage of low cost and simplicity. 

It is best to deliver the water from the pump into an intermediate 
overhead tank, fixed at suitable level to give the necessary head of 
water for the condenser, but the water may be delivered direct from 
a centrifugal pump into the condenser. 

When an intermediate overhead tank is used, any air drawn in 
at the pump glands, or at the joint or suction pipes, escapes at the 
tank, and the vacuum is not affected as in the case when the air 
is delivered with the water direct into the condenser. The tank 
also has the advantage that, when a number of condensers are used, 
any one of the pumping sets can serve for any of the condensing 
units, thus giving greater security against breakdown. In most of 
the recent installations of eductor condenser plants in power sta¬ 
tions, centrifugal pumps driven by electric motors have been 
adopted, which are comparatively low in first cost, occupy small 
space and require little attention. 

Induction condensers lift their own water supply, and are applic¬ 
able only to engines subject to load variations at regular and not 
frequent intervals, such as centrifugal pumps, mine pumps, fans, 
etc. The vacuum is created by the condensation of the exhaust 
steam on a column of water in motion, which is induced and main¬ 
tained by the impact action of the exhaust steam through passages 
inclined in the direction of the current, thus assisting a natural fall 
of water, if there be such, or maintaining it unaided, if water has 
to be lifted from a lower level. 

The induction condenser, as shown in Fig. 268, is equipped with 
a regulation of water supply and with a sleeve to cover the ports 
of the combining tube, according to the steam used. According to 
the load of the engines, the water ram, as well as the sleeve, are set 
and remain in this position during the time of operation of the 
engine under the conditions for which the ram and sleeve are set. 

This condenser is also highly adaptable where only a certain head 
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is at disposal, whereas the rest of the water has to be made good 
by the action of the exhaust steam itself. 

The head of the condenser can be turned at right angles or in any 
direction admissible by the bolt spacing, so as to be most convenient 
for pipe connections or for handling. 

When all the water is supplied under pressure, the opening 



Condenser. 



Fig. 269. Condenser with Automatic 

l)iscn,\R(;E V.M.VE. 


marked “ steam,” as also the opening C, arc blanked. When water 
is taken under suction, and pressure water used for starting, the 
opening C is blanked. When water is taken under high suction 
and steam used for starting, then a check valve is attached to open¬ 
ing C and the overflow pipe connected to discharge free or into the 
main discharge pipe. 
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The condenser with automatic discharge valve, shown in Fig. 
269, is used for taking water supply from sump and automaticallv 
discharging- into the suction pipe of a pump. This arrangement is 
particularly desirable in deep mines, etc., having a great discharge 
height and consequently greater volume of exhaust in proportion to 
the volume of water pumped. 

Under these conditions, if discharge from condenser were re¬ 
turned to sump, the temperature of the sump water would greatly 
increase, causing anno>-ance, damage to the timber, and detract from 
the effectiveness of the condenser. By discharging dircctlv into the 
suction of the pump the warm water is removed as it is produced, 
and the sump water remains cool. 

The danger of having steam enter the pump, through accidental 
stoppage of pump or condenser (whereby the action of tlie pump 
is disturbed), is entirely eliminated by the automatic action of the 



Tic. 270. COU.N'TKR CORRIC.VT ScKF.WK CoNDENSER, 


discharge valve 7, which closes when the vacuum in the condenser 
is destroyed, while the condenser is free to re-start through check X, 
and as soon as the condenser resumes its action the valve Y will 
open automatically, diverting the discharge from condenser again 
into pump suction. Z is the condenser, H the free exhaust valve, 
W the water check valve, 7 the basket strainer, the suction check 
and K the air check. 
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The “ Alberger ” type of counter-current surface condenser is 
shown in Fig. 270. Its working is easily understood from the 
illustration. 

Frequently the available water supply to condenser suction is 
insufficient, and the necessity then arises to use the whole or part 
of the limited supply over and over again. To prepare the water 
for efficient re-use, the hot water has to be cooled. Cooling plants 
of every description are based on the same principle; a division 
into spray or thin streams to be cooled by contact with air. 

The Koerting spray nozzles offer the simplest means of accom¬ 



plishing this at the least first cost, with no expense for repairs, 
absolute certainty of operation and smallest expenditure of power. 

Fig. 271 shows a spray-cooling plant on the roof of an engine 
house. A is the condenser, B the horizontal check valve, D the 
free exhaust valve, E the centrifugal pump and F the spray nozzles. 

The water of about fifteen pounds pressure issuing from the 
nozzle is torn into spray, and in this form, projected through the 
air, creates its own continuous current. The act of disintegrating 
the water carries with it a lowering of the temperature, and this 
added to the effect of the air current reduces the water temperature 
to nearly that of the surrounding air, and, under favorable atmos¬ 
pheric condition of humidity, several degrees below the atmospheric 







EVAPORATING, DISTILLING AND CONDENSING. 


269 


temperature, but at all times to a temperature sufficiently low for 
effective condensation. 

Cooling towers are also used for the re-cooling of w^ater. They 
are generally filled with boards of cypress, the air being blown 
through the tower by a fan provided at its bottom, while the water 
runs down in the interior of the tower through the openings of the 
filling, arriving at the bottom at a comparatively low temperature. 

Noiseless Heater. A convenient device for evaporating and heat¬ 



ing operations is the noiseless heater (Fig. 272), which is made by 
the Schutte and Koerting Co., Philadelphia. The illustration shows 
an installation for boiling and cleansing yarn. H is the heater, D 
the drain, T the steam. The tank contains two bottoms and, reach¬ 
ing from the top almost to the lower bottom, is constructed a square 
wood trough, in which the noiseless heater is installed. The heater 
boils the water in the washing soda and circulates the liquor in the 
best manner. These heaters entirely obviate the noise connected 
with direct steam heating. They discharge in the form of an in¬ 
verted cone, offering a large surface and thus causing rapid 
condensation. 







CHAPTER XIV. 


DRYING APPLIANCES. 


Drying at Ordinary Air Pressure. The clryinor of raw materials 
and finished products is in a good many cases an important part 
of a chemical manufacturing process and should be performed with 
the greatest possible economy. To dry a substance means to re¬ 
move adhering liquid from it; in general, mechanically admixed 
water. It is always of advantage to mechanically remove (by 
dripping, filtering, etc.) the largest possible quantity of water before 
subjecting the material to the drying process proper. The water 
that cannot be mechanically removed has to be removed by evapo¬ 
ration by contact with atmospheric air, which in many cases has to 
be preheated. Admission of air is especially necessary if the nature 
of the material to be handled necessitates the application of a tem¬ 
perature below ioo° C. at ordinary atmos])hcric pressure. The sim¬ 
plest way of artificial drying is shown in Fig. 273. The material 


-777T, 







Fig. 273. Simplest Method of Artificial Dkvikc. 


to be dried is put upon a platform made of iron or clav plates and 
heated by the fire gases passing through lines which arc provided 
below the platform. In place of direct firing, frequently steam 
heating is employed, making use of exhaust steam. 

This method of drying is very primitive and should he used only 
where large quantities of heat, that otherwise would be wasted, arc 
at disposal; the transmission of heat in this apparatus is not at all 
economical and the material to be dried remains cold on the surface. 
To overcome the latter disadvantage the material is frequently 
stirred, either by hand or mechanically. 

Somewhat more efficient are the so-called drying chambers; in 
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these rooms, which are made of brick-work, wood or insulated iron, 
the material to be dried is distributed loosely, if it is not a solid 
material, or in vessels or pans, if soft or pulverulent. The heat 
must be sufficient and well adjustable and provision is to be made 



Fic. 274. llrKFALo I'ax Svste.m of Drying. 


for the proper escape of vai)or or steam by means of a stack or 
exhauster. Heating is cfl'ected by direct firing, hot air or by radia¬ 
tion from a heated surface. 

AVith such chambers a satisfactory result is obtained only by 



Fig. 275. Buffalo Fan System of Drying. 

keeping the temperature in the interior of the chamber far above 
100'' C., which case is not as frequent as the application of drying 
temperatures below ico° C. 
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In the latter case the efficiency of the above arrangement is not 
at all satisfactory, since no more air is exhausted after the expansion 
of air in the chamber has reached the degree which corresponds 
to the chimney draft or the action of the exhauster. The evapora¬ 
tion of water ceases on account of too low a temperature, since the 
air contained in the chamber is soon saturated with steam, so that 
no more water is absorbed. From this moment on the heat applied 
is entirely wasted. 

Hence, for preserving the efficiency of the chamber, fresh air has 
to be brought continuously to the chamber; the air is heated up, 
saturated with steam by contact with the material and removed so 
that again fresh air can enter, capable to absorb water. This prin¬ 
ciple is to be observed in all drying installations having a tempera¬ 
ture below ioo° C. 

If the air is drawn through the chamber by means of an ex¬ 
hauster, it will pass along the shortest possible way; hence some 



parts of the material will not be dried at all, and in case of a leak, 
cold air will be drawn into the chamber. 

A higher efficiency and greater rapidity in drying is obtained if 
the fresh air drawn by a fan from out of doors is heated before 
entering the chamber, and by pressing (instead of sucking) the air 
through the apparatus. 

Such an installation is shown in Figs. 274 and 275. The air which 
is blown into the air ducts or chamber comes in contact, before 
entering the chamber, with a mass of steam-heated coils and is 
heated thereby. This heated air, having a low humidity, is now 
forced into the air ducts and discharged at points such as to give 
an even distribution. Dryers of this and similar construction are 
built by the Buffalo P^orge Co., Buffalo, N. Y. 

If a material is dried by means of admitting heated air to the 
material, the operation is continuously changing-and becomes more 
and more unfavorable. It would be of advantage to change the 
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composition of the air corresponding to the progressing dryness of 
the material. This is done in practice by moving the material 
gradually from the point of escape of the steam to the point where 
the hot air enters (principle of counter current). The simplest 



Fig. 277. Cylindrical Dryer 
FOR Direct Meat. 



Fig. 278. Cylindrical Dryer 
FOR Indirect ?Ieat. 


plant of this kind is the shaft furnace, which, however, can only be 
used for fairly hard material, for the drying of which the tempera¬ 
ture-regulation does not need to be very exact. 

The so-called drying channels, which are based upon this prim 
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ciple, can be used for almost any kind of material; they are easy to 
attend and continuous in operation. The use of an exhauster is 
always to be recommended, since it effects better regulation and 
makes the plant independent of the weather. Such a channel is 

shown in Fig. 276. F is the fire¬ 
place, in M the fire gases are mixed 
with air and travel through C and 
the channel A to the flue D and es¬ 
cape through stack E. The cars 
containing the material to be dried 
enter through the slide door and 
leave through the slide door S. For 
drying of materials which should not 
come in contact with the fire gases, 
this construction can be correspond¬ 
ingly changed. 

In continuous operation, seven 
pounds of water will be removed 
by one pound of coal, while when 
operating for ten or twelve hours 
per day, five or six parts of water 
are removed by one part of coal. 

The most perfect drying appliance, 
wherever it can be applied, is the 
rotary cylinder dryer. A simple 
dryer of this kind is shown in Fig. 
^77- 278 shows the same con¬ 

struction adapted for drying of ma¬ 
terials, which are not to come in con¬ 
tact with the fire gases. 

A dryer which is widely used for 
drying slag, sand, gypsum, clay, 
chalk, pyrites, carborundum, graph¬ 
ite, borate of lime, litharge, etc., as built by the Ruggles-Coles Engi¬ 
neering Co., is shown in Figs. 279 and 280, and consists of two shells. 

This dryer operates as follows: The heated air passes through 
the inner cylinder, shown by dotted lines in Fig. 279, and returns 
between the outer and inner cylinder to the fan. The material to 
be dried is fed into the machine through a spout in the stationary 
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head, which leads to the bottom of the outer cylinder, where it is 
taken up by the buckets or carriers and dropped through the current 
of heated air. It is then caught by the flights on the heated inner 
cylinder, which by revolving drops it into the outer cylinder, to be 
again carried up 

This operation is repeated until, by the inclination of the machine, 
the material is carried to and discharged at 
the rear end. During this operation the ma¬ 
terial is continuall}." dropping through the cur¬ 
rent of heated air, which is traveling from 
the discharge or dr}^ end of the machine to 
and out through the fan at the head or wet 
end. The outer shell is cool through all times 
and the exhaust from the fan is not much 
above the atmospheric temperature. About 
88 per cent, of the fuel value is utilized. 

The construction of the excellent rotary 
dryers, built by the American Process Co., of 
New York, is readily understood from Figs. 281 and 282. 

However, in all drying installations, where the best possible fuel 
economy is to be effected, the counter-current principle should be 
applied (Fig. 283). The combustion gases mixed with the quan¬ 
tity of air required travel through the interior of the drum. The 
material is charged at the upper end at a, and is discharged at the 
lower end into chamber b, into which also the fire gases are entering 
on their way to the drum. A fan c keeps up the fire and also 
furnishes the cold air required for mixing. 

A drying appliance of different type, which is successfully used 
for treating certain materials, is the draw plate oven (Fig. 284) 
built by Werner and Pfleiderer in Saginaw, Mich. It is continuous 
and immediately after a batch has been drawn another can be set, 
which operation can be repeated without any intermission. The 
temperature is easily regulated. This oven is very economical as 
regards labor, time, fuel and repairs, and requires only little floor 
space. 

Vacuum Dryers. The vacuum drying system, now so widely 
used in chemical industries for drying pretty nearly every kind of 
organic and inorganic chemicals, was introduced in Europe by the 
firm of Emil Passburg, of Berlin, Germany, and the J. P. Devine 



Fig. 280. Cross Sec¬ 
tion OF Rotary Dryer 
(Ruggles-Coles) . 
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Company, of Buffalo, N. Y., has acquired the sole rights for it in 



this country. 

These vacuum dryers are spe¬ 
cially designed to remove water 
rapidly from all materials at the 
lowest possible temperature and 
cost. 

The drying is accomplished at a 
great saving in time, labor and fuel, 
as water will boil in vacuum at a 
very low temperature, and as all 
the heat introduced into the cham¬ 
ber is utilized in the drying process, 
none of it is lost. 

To make this vacuum apparatus 
suitable for the drying of a great 
variety of materials of widely dif¬ 
ferent chemical composition and 
structure, special designs have been 
constructed which may be divided 
into the following three classes: 

1. Shelf Dryers, For materials 
which do not require agitating dur¬ 
ing the drying process, such as rub¬ 
ber, pharmaceutical preparations, 
explosives, sugar, salts, colors, 
chemicals, etc. (Fig. 285). 

2. Rotary Vacuum Dryers. For 
materials requiring constant stir¬ 
ring and agitating during the dry¬ 
ing process, such as grain, starch, 
granular rubber, fish, offal, etc. 
(Fig. 286). 

3. Drum Dryers. For solutions 
and emulsions which will form a 
film such as glue liquor, tanning ex¬ 
tract, white lead, milk, etc. Fig. 

287). 

I. Shelf Dryers. Are made in 


various sizes ranging from 37 to 2,300 square feet of heating .surface. 
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The chamber contains a number of steam-heating shelves upon 
which the material is placed in trays. After the door, which 
.Dade air-tight by means of a rubber gasket, 
is admitted into the shelves (or hot water m case the material 


IS Dia. --x 
Roller Wheel, 
7''Face 
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li IJi* ADobor Bolts, 30 long | 
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Fio. 282. Cross Sectioh os Rotary Dm. (A«i«.ca» Procsss Co). 
be kept at a low tentperatute). and a high vacnnm is created by 

"rcondelr b«reen the chatnber and the pumps pre.ents any 
vapors being carried over to the pump. 



■ Many delicate dyes, effervescent salts, incandescent mantles, India 
rubber organic pharmaceutical preparations, explosives, etc., ca 
only be properly dried in these vacuum chambers. 
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2. Passburg Rotary Vacuum Dryers. Are made in various sizes 
and consist of one large center-heating tube, rotating within a 
cylindrical vacuum shell, which is steam jacketed. Suitable pad- 



Fig. 285. Shelf Dryer. 

3. Passburg Drum Dryers. Comprise the third class of appa¬ 
ratus and consist of a polished drum, steam heated internally, re- 























DRYING APPLlAxVCRS. 


279 


Yolving within a vacuum shell and dipping slightly into the liquid 
to he evaporated, the latter being replaced continuously and auto¬ 
matically. 





This liquid is deposited in the form of a thin film on the outer 
surface of the drum, made of cast iron, brass or copper, and is dried 
in about ten seconds, being then removed from the drum by a knife 
and drops into a receiver in the shape of a fine powder. 


Fig. 286. Rotaky Vacuum Dryer. 
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Seven different sizes of these drum dryers have been installed in 
this country and in Europe for drying on a large scale such mate-' 
rials as glue liquor, tanning extract, colors, white lead and milk. 

Passburg Combined Drying and Impregnating Apparatus. The 
impregnating of electric coils by merely dipping them into liquid 
solutions and then baking in ovens has proved utterly unreliable 
from the start. 

The firm of Emil Passburg was the first to construct vacuum 
vessels connected by suitable pipes and valves to impregnate coils 



Fic:. 288. Safkty Vacuum Dryer. 


with compounds of a very high melting point. The articles are 
first placed into the vacuum dryer and impregnator to thoroughly 
dry them and to remove all air from among the wires. While still 
under vacuum, melted compound is allowed to flow into the vessel 
until the articles arc entirely submerged. The vacuum is thereb}^ 
broken and a pressure of about sixty pounds put on to force the 
compound into all crevices. After a short time, the compound is 
pressed out of the impregnator back into the liquor vessel to allow 
the coils to be removed. 

It will be found that field and transformer coils of large diameter 
are thoroughly impregnated in every part by this process. All the 
leading American and European electrical companies are now using 
the Passburg s^ustem for all transformer, armature and field coils 
and for the heaviest cables. 
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This apparatus has also proved indispensable for impregnating* 
wood and similar materials with water-resisting and insulating sub¬ 
stances for electrical purposes, and to increase the durability of 
many articles made of perishable material, exposed to excessive 
moisture and to other causes of deterioration or decay. 

The apparatus is also used for impregnating fiber with rubber 
solutions and for impregnating cotton belts with heavy compounds; 



Fig. 2S9. Nozzle. 


in fact, new uses are found for it nearly every day in chemical 
industries and in th.c useful arts. 

For drying smokeless powder, fulminate of mercui*}*, gun cotton 
and other explosives, the construction of the vacuum dryer is some¬ 
what different, to correspond with the special conditions required 
for drying such substances. The apparatus (I'ig. 288) is provided 
with an expansion chamber and other safety devices for the purpose 
of receiving, in case of an explos’on, the expanding gases and of 
reducing thereby their destructive power, as, before exerting aiu* 
pressure on the sides of the apparatus, the vacuum in the cxi)ansion 
chamber would have to be destroyed. Then, any excess pressure 
opens the safety apertures of the expansion chamber and the gases 
can freely escape, thereby preventing destructive explosions. Be¬ 
sides the safety apertures and a very large expansion room, this 
dryer is also provided with a movable back cover, which is shown 
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in the illustration. In case the inner pressure exceeds the outer 
pressure (fifteen pounds to the square inch), this whole back cover 
will begin to move and open. For this purpose the cover is hung 
on rollers and held in position by springs. 

With this process the time required for drying is reduced to a 
fraction of that required by the old process; the solvents are more 
thoroughly eliminated from the powder, the danger of explosion is 
reduced to a minimum and the solvents are completely recovered. 

The consumption of the steam in the various vacuum dryers is 
exceedingly low. The exhaust steam of the pump cylinder may be 
utilized for heating purposes; about 1.5-1.2 pounds of steam are 



Fig. 290. Eliminator Plates. 


consumed (including the steam required for the vacuum pump) per 
pound of water to be evaporated. Other advantages of the vacuum 
chambers are: saving of the floor space and labor, cleanliness and 
safety of operation. 

The construction of a vacuum dryer depends upon the material 
to be dried, and the details of the apparatus are specially designed 
in order to suit the substances to be treated. 

A well-equipped experimental plant at the works of the J. P. 
Devine Company is always at the disposal of manufacturers for the 
purpose of ascertaining by actual tests what style and size of appa¬ 
ratus is best adapted to the drying of the different materials. ATan- 
ufacturers are constantly making use of this experimental station, 
and in this way the scope of vacuum drying by the various Passburg 
apparatuses and processes is being extended constantly, new uses 
and adaptations being found for it almost every day. As these 
tests are made free of charge, it is in the interest of every manu¬ 
facturer contemplating the installation of a vacuum drying appa¬ 
ratus to avail himself of this privilege. 
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Process of Air Conditioning for Drying at Low Temperatures. 
Many substances, such as photographic films, gelatine, glue, etc., 
require drying at low temperatures. To accomplish this success¬ 
fully, it is necessary that the air contain a very small amount of 
moisture. The temperature of the air desirable for this work is 
usually in the neighborhood of 6o°, and for successful drying the 
moisture contents should not exceed three grains per cubic foot. 
During the greater portion of the year the moisture contents of the 
air are much greater than this and it is necessary that tlie air be 
conditioned by dehumidifying and cooling before it is available for 
drying. This may be done by refrigeration. 

It may be observed that the maximum moisture content of the 
air at saturation is dependent entirely upon its temperature. The 



Fig. 291. Washer and Humidifier. 


moisture-holding power of air decreases very rapidly as the tem¬ 
perature decreases, and if the temperature is lowered below the 
saturation point, a corresponding amount of moisture vapor will be 
condensed. The temperature of saturation, which corresponds to 
a given weight of moisture content per cubic foot, is termed the 
dew point. The dew point of air containing three grains of mois¬ 
ture per cubic foot is 41°. Therefore, in order to obtain air at 
60° containing three grains of moisture, it is necessary first to cool 
it to a temperature of 41°, and then reheat to 60°. This has fre¬ 
quently been accomplished by use of refrigerating coils, with which 
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ir is brought into direct contact. This method, however, has 
found quite troublesome, owing to the fact that the low tem- 
ure of the coils causes them to frost over rapidly, quickly 
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decreasing the efficiency of the system. A distinct improvement in 
this process has recently been made by the Carrier Air Conditioning 
Company, who have secured patents covering the application. This 
process consists essentially of introducing into the air a finely divided 
spray of refrigerated water at about 34° (Fig. 289). The spray 
together with the moisture precipitated from the air is then elim¬ 
inated by a form of separator consi.sting of vertical zig-zag plates. 
Fig. 290, closely spaced, between which the air is passed at a rela¬ 
tively high velocity. By the centrifugal action and impact, thus 
produced, the moisture is entirely eliminated. By opposing the 
sprays to the direction of air current, tests have shown that it is 
possible to bring the air and water to practically the same tem])era- 
ture. This is owing to the fact that the enormous contact surface 
afforded by the spray in such a finely divided form causes a highly 
effective transfer of heat from water to air. 

The advantages of this system. Fig. 291, arc, first, that it permits 
the use of water above the freezing point. This allows the use of 
about forty-five pounds suction pressure on the compresser instead 
of fifteen pounds ordinarily used, thereby doubling the refrigerating 
capacity of the apparatus without increasing the horse-i)Ower. In 
other words, by this system it is possible to accf)nipli.sh twice as 
much refrigeration as may be obtained by the older system, using 
either brine or ammonia bunker coils. The second advantage is 
that it does away with about three fourths of the refrigerating .sur¬ 
face otherwise required. The third and important advantage is tliat 
it completely avoids the trouble from frosting of bunker coils, which 
has proven so troublesome in the older system. 

In all cases, where the air requires rc-hcating after refrigeration, 
the above company employs an interchanger, which is a form of 
economizer for absorbing heat from the hot air and transferring it 
to the cold air. Such an arrangement frequently i)ermit.s the re¬ 
frigerating capacity of the plant to be reduced 20 per cent. The 
accompanying illustration (Fig. 292) shows a typical installation 
recently installed by the above company. 

This process of dchumidifying and refrigerating air is equally 
available for use in connection with the Gayley process of refriger¬ 
ating air for blast furnaces. 



CHAPTER XV. 


MEASUREMEN'r OF TEMPERATURE. 

The first effort to record temj^eratiire for industrial purposes mav 
be said to have been made by the famous potter, Wedgwood, in 
1782. The instrument he devised, which depended upon the per¬ 
manent contraction of clay when subjected to a high temperature, 
remained the standard for nearly a century. 

In 1882 the famous Sevres pottery employed fusible clay to deter¬ 
mine the tcini^icrature necessary to their work. This was perfected 
in 1886 by Seger, who constructed cones of clay of varying compo¬ 
sition with fusing points ranging from 600° to 1800° C. 

The substances which enter into the composition of these cones 
are essentially:' Pure quartz sand; Norwegian felspar; carbonate 
of lime; Zettlitz kaolin, consisting of silica, alumina, oxide of iron 
and water. In very fusible cones, oxide of iron, oxide of lead, 
carbonate of soda, and boric acid are added. The less fusible cones 
contain calcined alumina. These cones are extensively used to-day 
and arc supplied by numl^er. The less fusible extend from i to 38, 
this latter corresponding to about 1980° C. The more fusible are 
numbered from oi to 022, the most fusible being at 590° C. 

While these cones are useful for the attainment of any particular 
temperature in a furnace, they can be no guide in maintaining a 
steady temperature, and can be successfully used only in such cases 
where a furnace is carried to the desired point and then allowed to 
cool off. In ceramic industry they are generally used, and before 
firing up, a series of cones is introduced, so that the attainment of 
successive temperatures may be observed by the falling over of the 
tips of the various cones in order of fusibility. 

Other forms of pyrometers, based on the expansion of a gas or 
on the licat imparted to water, have been devised with a certain 
degree of success. With the exception of the ordinary air ther¬ 
mometer, which is limited in range, all the commercial instruments 
are empirical in character. For lower temperatures the mercury in 
glass thermometers is useful, but whenever such instruments are 
used for the higher ranges up to 1000F., they deteriorate rapidly 

287 
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and soon give inaccurate indications. The instruments most gener¬ 
ally used for temperatures up to 2600° F., are based on the thermo¬ 
electric properties of the metals discovered by Seebeck in 1820, and 
applied by Becquerel for temperature work in 1830. Le Chatelier 
made an extended study of the thermoelectric pyrometer and 
showed that pure platinum, when combined with platinum alloyed 
with 10 per cent of iridium or rhodium, could be used up to 
2900° F. 

These instruments consist of a pair of wires fused together at 
one end for insertion in the furnace and fastened to copper wires 
at the cool end. The connection is made to a galvanometer or milli- 
voltmeter, and the temperature is indicated directly on the scale. 
The correctness of reading depends as much on the cold ends as 
on the hot end, and hence great care must be exercised to have the 
wires of the couple sufficiently long to be away from the influence 
of the furnace. In the case of the Le Chatelier couple this is an 
expensive matter. To obviate this and also the expense attached to 
a chance deterioration of the couple from contact with furnace gases 
or hot metals, Prof. Wm. H. Bristol offers a nickel-iron couple with 
a patent compensated cold end, which has the advantage of being 
self-contained, unbreakable, and cheap. 

One disadvantage of the thermoelectric pyrometer is in the fact 
that the reading instrument must be calibrated for a certain length 
of connecting wires, which when altered change the indications. 
The instrument is its own battery, and is therefore simpler than 
many others. 

Recording devices are available for the thermoelectric instru¬ 
ments. The galvanometer or millivoltmetcr needle, bearing a point 
or pen, moves across a scale on which it is depressed at regular 
intervals of time, thus tracing a dotted curve. 

The electrical resistance pyrometer is extensively used in Eng¬ 
land, and depends on the variation of the resistance of a pure metal 
—such as platinum—with temperature. As originally devised by 
Siemens with a fine platinum coil, the instrument was not success¬ 
ful, and it was not until Callendar took up the matter in 1887 that 
it was made practical, not only as an ultimate laboratory .standard, 
but as a commercial instrument: It may be said to be at the present 
time the most useful instrument for all classes of temperature work. 
It is limited in its upper range, however, to about 2200° F., beyond 
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which the platinum wire coil volatilizes and permanently changes 
ill resistance. The instrument is based on the well-known Wheat¬ 
stone bridge principle, and requires an external battery. It is very 
nearly independent of battery voltage, however, and is affected only 
l)y currents large enougli to heat the fine wire coil. By the intro¬ 
duction of compensating leads, which parallel the leads running 
from the fine platinum coil to the indicating galvanometer or bridge, 
and which are connected to the opposite arm of the bridge, the read¬ 
ings are independent of the distance between the fire end and the 
reading instrument. 

The indications are obtained on dellecting galvanometers, or on 
wire bridges with direct reading scales. A recording device has 
been obtained by Callcndar which is capable of great refinement. 
It is essentially an automatic Wheatstone bridge. A galvanometer 
with doable contacts operates a right and left hand relay device 
connected with a differential gear operating the galvanometer con¬ 
tact on a bridge wire. The record is traced on a drum by a pen 
attached to the galvanometer contact. The relays move the contact 
always in such a direction as to restore the balance whenever this 
is upset by a change in the resistance of the platinum coil due to a 
change in temperature. Telephone indicating instruments have 
been devised to replace the galvanometer with much success. 

Other forms of pyrometers have been devised, based on the ordi¬ 
nary gas thermometer, such as the older form of Bristol instrument. 
Instruments employing a stream of water flowing through a coil in 
the furnace have been devised in which the difference in tempera¬ 
ture between inflow and outflow gives an indication of the tempera¬ 
ture of the furnace. Such an instrument depends entirely on main¬ 
taining a perfectly steady flow. 

The flow of air through an orifice in the furnace has been util¬ 
ized, the change in the viscosity of air and size of the orifice giving 
the necessary variability of flow upon which the temperature indi¬ 
cations are based. These instruments depend entirely on an em¬ 
pirical calibration. 

In very high temperatures the only satisfactory instruments are 
the optical pyrometers. These are of two classes : those that de¬ 
pend on color estimation, such as the Wanner, and those that depend 
on the measurement of the total radiation, such as the Fery pyrom¬ 
eter. These instruments are coming into very general use and ex- 
20 
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tend ill range from a low red heat up to the temperature of the sun 
itself, 6000*^ C. For the latter instrument, recording devices are 
available similar to those used in connection with the thermoelectric 
pyrometer. The laws of heat radiation are now well known and 
the instruments based on these are found to give exceedingly satis¬ 
factory and reliable indications. 

In general it may be said that for very high temperatures, from 
2200*^ F. upwards, the only reliable instrument is the optical pyrom¬ 
eter. For a commercial instrument reading from 2600*^ F. down¬ 
wards to about 300° F. or 400° F., the thermoelectric pyrometer, 
such as the Bristol, is the most serviceable. For work below 500° 
F. down to the temperature of liquid air, no instrument can com¬ 
pare with the electrical resistance pyrometer. As a standard over 
the whole range of temperature up to 2200° F., the resistance py¬ 
rometer is undoubtedly the best. It is not too much to say that all 
industrial concerns should provide themselves with one of these to 
check the indications of other instruments from time to time. 

Too much attention cannot Ije given to an accurate knowledge of 
temperature conditions in industrial work, since the success of so 
many processes depends to such a large extent on the attainment 
of steady heat. 


APPENDIX. 


THE WORKS CHEMIST AS ENGINEER.^ 

All chemical works have, in addition to purely chemical and ex¬ 
clusively manufacturing questions, a large number of engineering 
problems to solve. In fact, chemical manufacture requires quite as 
much attention from the engineering as from the chemical side. 
Very large chemical works can afford to have an engineering depart¬ 
ment, and even smaller works can, and very frequently do, employ 
with advantage a special engineer. Most works, however, under 
present conditions in this country, possess a more or less adecpiate 
staff of analysts and one or more well-trained foremen, but in order 
to grapple with the engineering problems, they rely either on the 
mechanical skill of the average Englishman or on some special talent 
in their works combined with what technical knowledge the average 
chemist can bring to bear on the matter. 

I doubt whether many chemists ever pictured to themselves the 
surprisingly large amount of engineering work and control required 
in an average chemical factory. 

When deciding on material for buildings and plant, the nature of 
the products to be manufactured and the products incidental to 
manufacture have to be carefully considered. The questions will 
arise: Are the raw material, or the finished product, or the efflu¬ 
ents, acid or corrosive, or likely to form dangerous or noxious- com¬ 
pounds under certain conditions ? Are there any special fire or 
(Other risks, which ought to be known to the man responsible for the 
design of the plant or building? Obviously, not every kind of 
brickwork, concrete, or stone, nor any metal will do for every pur¬ 
pose, so that the apparatus, pipe lines, storage tanks, and many 
other parts of the plant, have to be considered individually. Thus, 
to take a well-known example, weak sulphuric acid is best contained 
in lead, but strong sulphuric acid in iron. Strong nitric acid can 
be handled in lead, but not so well in iron, whilst a mixture of strong 
sulphuric and nitric acids is safe in iron. Hydrochloric acid in 

^ From a paper read by Oscar Gnttmann before the Society of Chemical 
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time attacks almost any material, except silicious stone, earthenware, 
and ebonite; hence the latter substance is frecjueiitly used in i)iinips. 
Furthermore, hydrochloric acid scarcely attacks wood, especially if 
the latter is soaked in paraffin wax ; hence on Continental railways 
it used to be carried in wooden tank trucks. Citric acid is one of 
the few substances which attacks silica, so that, for instance, kiesel- 
guhr cannot be used to filter it. Oxalic and tartaric acids cannot 
be evaporated in copper, but in lead only, while pure acetic acid is 
best worked in silver stills. In a similar way the material for the 
flooring has to be carefully selected. 

The roofs require no small consideration. Not only is a roof 
probably that part of a building which costs most for upkeep, but 
the safety of the plant and operations frequently de])en(ls upon its 
good state, which should prevent rain, sand, or cold draughts to 
enter the building. It is frequently advisable to make the roof 
trusses of such strength as to allow shafting Ije carried or pidlcy 
blocks fixed for hauling up materials and apparatus, hi very many 
cases pipes and other ducts are best carried across the roof princi¬ 
pals, provided these are not overloaded. 

A very important part of the duties of a manager is the installa¬ 
tion and supervision of the power house, kinch de])ends, of course, 
upon the size of the factory and the (juantity of steam or ])owcr 
required. Sometimes strict economy of fuel is not of paramount 
importance, though, in most cases, every penny is worth saving, 
because it is conducive to the better suiicrvisioii of the plant. The 
choice and relative advantages of the various forms of ])nnie mov¬ 
ers, whether steam, water, gas, suction gas, or oil, need not he‘dis¬ 
cussed here. Suffice it to say that any engineering knowledge he 
may possess will enable the manager to discriminate lictwecn the 
claims of rival makers and save him much ulterior flisappointment. 
It is rather in the working and upkeep of such j)lant that his knowl¬ 
edge and skill will be of the greatest service. Naturally, in the case 
of a steam plant, fuel and water, and in the case of a gas jilant the 
coal should be analyzed from time to time and their snitahility and 
value thereby determined. It will he found useful to instal a water 
meter aud keep daily records of the quantity of water eva])oratcd 
and of the amount of coal consumed. An intelligent manager will 
be able to draw therefrom many conclusions with regarrl to the 
working of the factory generally. If he knows how to do it, he will 
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even from time to time test the efficiency of his plant by making 
complete steam trials and thus trace any undue source of loss or 
waste, lie must ascertain that his boilers are not given to “ prim¬ 
ing/’ z. c., delivery of wet steam. He will test his flues from time 
to time, or, better still, instal an automatic carbon dioxide recorder. 
Everybody is aware that by the admission of more air a better com¬ 
bustion of the fuel results, but not everybody realizes that by admit¬ 
ting too much air one cools the flues, and gets an irregular draught 
and imperfect combustion. A large economy of fuel can be ob¬ 
tained by simply tarring the brickwork from the outside, thus ren¬ 
dering it fairly impermeable. 

In connection with boilers and engines, a large number of appli¬ 
ances are daily recommended, which are each supposed to effect 
such a saving that, were the totality of them taken, the consumption 
of coal should be practically nil. The fact is, however, that in large 
installations economies are easily effected, whereas in the case of 
single boilers and but little machinery, the attention of a small per¬ 
sonnel has to be devoted to too many appliances at the same time, 
to enable them to effect a saving. 

Automatic stoking and automatic feeding of boilers are very de¬ 
sirable additions to a boiler plant, the more so as one thereby gener¬ 
ally oljtains nearly smokeless combustion as well. Works that can¬ 
not afford such outlay, will do well to go carefully into the cfuestion 
of their grates. It is really surprising how rarely one meets in this 
country with special grate-bars, designed to give a maximum area 
for the admission of air, and yet permitting the use of small fuel; 
very large economics can result from a proper adaptation of grate- 
bars to the nature of the fuel. 

To judge from the relative merits of the many smoke preventers 
on the market requires no mean engineering skill, because although 
the (juestion is really a chemical one, the means to carry it out are 
for the most part mechanical. Some smoke preventers blow air 
through the fire-door over the coal, some under the grate, through 
the coal. Others blow steam and air over the incandescent coal 
from the front; again, others blow it in from the back of the grate, 
and induce air at the same time. Some have mechanical means to 
gradually close the fire door after coal has been charged, some have 
adjustable louvres, and so forth. Tt is indeed very difficult for the 
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average chemist to arrive at a decision, even though many makers 
offer to put the plant up on trial, and remove it at their own expense. 

Modern water softeners may be divided into three main classes. 
In the first, the softening medium is added alternately to the water 
contained in two tanks; the contents of one are allowed to settle, 
whilst the purified water is fed from the other. The second system 
is one in which hard water and softening medium are introduced in 
measured quantities, by a tipping arrangement, chain buckets, water 
wheel, or other similar device. In the third class, the mixing is 
effected by means of floats attached to levers, which open or close 
cocks for the admission of hard water and the softening medium in 
their correct proportions. They may, again, be subdivided into 
those in which the reaction between the softening medium and the 
hard water is promoted by heating with exhaust or live steam, and 
those where the work is done in the cold. These may be further 
subdivided into apparatus in which the sludge sejiarates out by pre¬ 
cipitation over baffle plates, and such in which this is effected by 
means of filters. One has to see that no excess of softening me¬ 
dium is carried into the boiler, and that the sludge is efficiently 
removed; further, that the apparatus is easily manipulated, and not 
liable to get out of order. All other things being eciual, the choice 
between rival claims will rest with the apparatus which does the 
work more cheaply. The question of economy docs not, however, 
depend upon the cost of the chemicals per rooo gallons of water 
only, more frequently initial outlay and cost of labor being the 
deciding factor. 

Feed water heaters and economizers arc also frcciucnt adjuncts 
to a boiler plant, and require attention. A careful engineer will not 
be satisfied with the mere cleaning of the boiler; he will ])ay proper 
attention to the kind of scale deposited, and learn something, either 
by personal inspection, or from the reports of the boiler inspector, 
about the nature of corrosions in boilers, and the dangers arising 
therefrom. 

A further problem that frequently presents itself is the utilization 
of-the exhaust steam from the engine, or else its condensation and 
subsequent recovery as boiler feed. Exhaust steam can be very 
advantageously used to heat the water in water softeners, and 
thereby be recovered practically without cost. The cooling of water 
used for the condensation in the absence of an unlimited supply 
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necessitates large tcjwcrs and pumping plant, which demand further 
attention, space, and capital outlay. 

The next important problem bears on the distribution of steam 
over the works. Although it is a very rare occurrence to find now¬ 
adays steam pipe lines in the open air which are hot covered more 
or less with insulating composition, yet they are very frequently 
found bare inside workshops, it evidently not being realized bv 
everybody how serious a loss in fuel is incurred thereby The dif¬ 
ference even between one insulating material and another is large 
enough to repay a proper study of the Cjuestion. 

A'ery frequently it is necessary to convey steam from the boiler- 
house to a number of separate buildings, and, possibly, very large 
distances have to be traversed. If the steam-pipe is a very large 
one, and a number of other pipes for compressed air, water, and 
perhaps also electric light leads, have to be carried to the same build¬ 
ing, then it pays very well to have either a regular bricked trench 
accessible through manholes, floor plates, or otherwise, or even a 
passage sufficiently roomy for a man to walk through. In this case, 
it will be ]x)ssible to rest the steam pipes on proper brackets or 
bases, provided with rollers and ex])ansion joints. If, however, the 
steam has to be carried in one or several pipe lines of small diameter 
(say up to about 2 ins.), it will be simpler to carry them above 
ground on trestles. Whilst it is quite possible to carry such pipes 
on rollers, expansion joints are not suitable, because the pipe is apt 
to give way in many places, and then the whole arrangement for 
taking up the expansion of the metal may fail. 

The ([uestion of steam distribution brings us to the problem of 
collecting the condensed steam. As this represents a source of sup¬ 
ply of the j)urest water, every drop of it ought to be collected for 
the boilers. Such water does not condense in the steam pipes only, 
but to a much larger extent in apparatus for boiling and concen¬ 
trating liciuids. A judicious use of properly acting steam traps, and 
some expense on covering material, will save a great deal of money. 
AMien there arc a series of boiling apparatus, such as steam pans, 
to be supplied with steam, the pressure of the steam must nearly 
always be reduced, so that its temperature may not exceed the boil¬ 
ing point of the liquid in the pan, or in order to conform to other 
conditions. A really good reducing valve is rare, and the best is 
useless if not properly attended to. Non-return valves must be 
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attached to the steam traps, as otherwise a single leaky one may 
prevent the whole of the pans from working i)roiicrly. 

Of steam engines the varieties are legion. Aly advice is take the 
best that money can buy, one that has every ])ossiblc improvement 
for its size, and is made from the best material and in the best style 
possible. To have no trouble with repairs, not to have to stop just 
when everything works smoothly is alone worth a great deal, cjuite 
apart from the fact that the best steam engines rci)ay the larger 
outlay simply by their constancy and economy in working. I do 
not intend to deal with the respective merits of gas engines, oil 
engines, steam engines, steam and water turbines, etc. I can only 
repeat—buy the best, and to the chemist my advice is: Learn to 
understand your plant and to know all a1)out it, so that you need 
not rely upon the sometimes fanciful reports of an engine driver. 

The proper lubrication of engines, shafting, and bearings does 
not merely depend upon an ample supply of lubricant, but tlic chem- 
i.st should also keep his eye on its chemical nature and on economy. 
It has happened in my own experience that cylinders and pistons of 
very fine steam engines were badly scored, and blame was put upon 
the chemicals used in softening water for the boilers. hTy suspicion 
that the lubricant was acid was promptly confirmed 1)y chemical 
examination. 

The transmission of power from one building to another is, again, 
a constantly occurring problem, and one that is not always judi¬ 
ciously solved. Few people arc aware that as much as 40 per cent, 
of power can be wasted in defective shafting and gearing. A very 
efficient means of transmitting ])Ower at an angle was provided by 
me some time ago in a place where a pair of bevel wheels was so 
badly worn, and the lines of shafting so badly laid that the ])uihling 
was constantly shaken and a great deal of noise ])roducerl, not to 
speak of the enormous loss of power. This angle-drive is con- 
.structed for transmitting 40 horse ])()wer. One of the largest mak¬ 
ers of shafting was asked to su])])ly it, but he did not think it could 
work, and it was only after he had consulted a ])rolessor of engi¬ 
neering, who gave him some hope, that he carried out the order. 
This is now some years ago, and the transmission has never stood 
still since. In making such an angle-drive care has to be taken 
that the points at which the belts leave the pulleys are exactly above 
each other, as otherwise the belt will fall off. This arrangement 
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will transmit power in one direction only for any given arrange¬ 
ment of the pulleys. 

It is, of course, very rarely possible to transmit power from one 
house to another by means of belting. Sometimes very long ropes 
have to be used, and the amount of sag then necessitates very high 
and strong supports for the pulleys. Both in this case and when 
the power is transmitted to an adjacent building by means of a con¬ 
tinuation of the shafting (either underground or above ground), a 
good deal of attention in laying out as well as in keeping up such an 
arrangement is reciuired to prevent a serious loss in efficiency, 
hdectrical transmission is very frequently the best and most eco¬ 
nomical solution. This at once brings before us the question of 
lighting a factory. Great care has to be bestowed on this point in 
some works, where serious responsibility is attached to any fault in 
this direction. If an electric installation is provided, advantage may 
be taken of it to transmit power to distant parts of the factory, to 
drive fans in otherwise inaccessible places, to supply delicate heat¬ 
ing arrangements, or even for electrolytic work. 

i\Iany engineering details require to be attended to in connection 
with the handling of liquids. The pumping of liquids from one 
a])])aratus for use in another is almost a study in itself. Whether 
steam- or belt-driven, ])lunger or centrifugal, pulsometer or mem¬ 
brane pumps should be used, or whether delivery of a liquid should 
be effected by means of elevators fmontejus), and of what material 
these ])umps and the pipe lines should be made is rarely a matter 
of indifference. In this connection fans for carrying away fumes, 
for imi)roving the draught ('as in the manufacture of sulphuric and 
nitric acids), for supplying air to a drying room, and for many 
other purposes arc worthy of mention. How difficult it sometimes 
is to do the right thing may be illu.strated by a few examples from 
actual experience. A plunger pump refused to work with a hot 
volatile liquid until an air-vessel was interposed, wherein the vapor 
C(')uld condense. A pulsometer placed into a narrow unventilated 
hole could only be brought to work after the place had been ren¬ 
dered cool by proper ventilation. A number of acid elevators, made 
of cast iron, one and a half inches thick, burst at short intervals 
under thirty pounds pressure, although they had been tested up to 
150 pounds; on investigation the cause was found in that long pipe¬ 
lines going to a higher level were fitted to these elevators, and that 
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a bend at the end of the line favored water-hammer action. Both 
in this country and in America, aluminium fans, pipes, etc., in con¬ 
nection with nitric acid, are coming more and more into use, whilst 
in Germany, and also in this country, earthenware fans and centrifu¬ 
gal pumps are preferred in acid works. 

The supervision of effluents, both liquid and gaseous, recfuires 
considerable care. The choice of proper culverts, gutters, or pipes, 
depends frequently on the nature of the effluent, and when liquid 
effluents are sent into a sewer or a watercourse tests have to be 
made, sometimes for considerable distances, to avoid trouble with 
local authorities and interested parties; arrangements may also have 
to be provided for catching suspended matter, precipitating impuri¬ 
ties, or for rendering the effluent clear or pure before admitting it 
into a watercourse. 

Compressed air and vacuum pumps are important factors in chem¬ 
ical works. Both kinds are similar in construction, but the effi¬ 
ciency varies very much from maker to maker. Whilst in the case 
of an air compressor a proper volumetric efficiency must be de¬ 
manded, and may be obtained if reasonable care is taken, the baro¬ 
metric effect is all-important in selecting a vacuum pump. Some 
processes are now so well regulated that a difference of a few milli¬ 
meters in the vacuum entails considerable loss of time and cost. 
Some works are already demanding a guarantee for a vacuum of 
two millimeters with very large pumps, and, what is more, they get 
even one eighth millimeter. Reservoirs for storing compressed air 
and allowing it to cool are better not left alone, as usual, because, 
apart from condensed water, there have been explosions in such, 
and also in pipe lines, which were found to be due to hydrocarbons 
from the lubricant. 

In addition to having so much detail work to attend to in the 
factory generally, the works chemi.st requires still further engineer¬ 
ing knowledge of his plant. Mr. George Beilby, F'.R.S., gave us, 
in 1899, a long list of apparatuses required in chemical work. Clf 
course, the chemist is rarely called upon to construct an a])paratus 
or a machine, but he must have a working knowledge of those in 
regular use for all kinds of operation, and if he invents a new 
process, then he should be able to indicate his rccjuireme'nts for work 
on a large scale. Like Mr. Beilby, T, too, wish to emidiasiy.e most 
strongly that “ works operations are not simply laboratory opera- 
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tions writ large.” It is frecjuciitly easy to indicate a new process 
by small operations in the laboratory, but when the chemist is called 
upon to reproduce the process on a large scale, then far more real 
inventive genius is required to design the plant for its manufacture, 
and it may take months before all the difficulties are overcome and 
the process begins to pay, if indeed it does at all. It is, therefore, 
useless to teach chemical technology with the help of beakers and 
test-tubes. A striking example was shown recently, when candi¬ 
dates in an examination were asked to sketch out a filter for con¬ 
tinuously filtering a hot liquid. Every one of the candidates showed 
a steam-heated funnel, and only one had the additional notion, that 
for continuous work on a large scale a filterpaper might prove im¬ 
practicable, and therefore devised a sand filter. With better expe¬ 
rience it would, however, have occurred to them, that a filter is not 
necessarily round as it is in the laboratory, and that a number of 
rectangular filter papers placed over suitably shaped steam or hot- 
water compartments might allow of large quantities being dealt 
with quickly. 

It is useless to ask the average engineering works to advise on 
all possible plant, since only very large works have a sufficient num¬ 
ber of experienced engineers for every purpose. On the other hand, 
it is always possible to find such works that make a specialty of 
certain machines and apparatus, and their experience is, of course, 
valuable. It is in the construction of apparatus, and appliances for 
chemical processes, involving no mechanical arrangements, like 
plain stills, evaporating pans, lead, cooling and heating tanks, even 
vitriol chambers and towers and the like, that the chemist will find 
his engineering knowledge useful. 

Similarly intelligent attention must be given to the methods of 
heating. Regenerative firing or “ plus pressure ” in a salt cake 
furnace, overhead firing in sulphuric acid concentration or evapora¬ 
tion of liquors, firing with water gas or producer gas, heating by 
ordinary or superheated steam, under pressure or in vacuo, boiling 
in an oil or lead bath, evaporation by waste gases, calcining, roasting 
and many other processes of heating all are beset with problems 
for the chemist and the engineer. An example may be taken as an 
illustration. In a furnace a series of vessels for the concentration 
of sulphuric acid were to be heated by producer gas, the flames play¬ 
ing all round them. Up to a certain degree of concentration all 
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went well, but beyond that no amount of gas burned produced fur¬ 
ther concentration. Consideration showed that as producer gas 
contains about 20 per cent, of hydrogen, the products of combus¬ 
tion were quickly saturated with water vapor, and then their vapor 
tension was the same as that of the vapors escaping from the acid. 
When the gas producer was replaced by a simple regenerative coke 
furnace, the concentration proceeded smoothly. 

The condensation of gases, or their absoqition in lic[uids, the dry¬ 
ing of pasty or dusty materials, or of such that must be dried at a 
certain low temperature, and the recovery or the rendering harmless 
of gases driven off, the filtering of cold and hot, acid and liasic 
liquids, etc., are again processes applied in so many variations and 
from the largest to the smallest scale, that I need only point to them 
as constantly requiring engineering skill and attention. 

It serves no further purpose to go on enumerating the many 
every-day operations in chemical manufacture, each one of which 
requires engineering as well as chemical knowledge. iV most im¬ 
portant duty must, however, not be overlooked—economy. To have 
wonderful and fanciful apparatus constructed, to use the most ex¬ 
pensive materials, and to let them be made with the greatest care, 
is easy; to devise apparatuses, that cost no more than the process can 
stand, and that will give no trouble in working, is more difficult; but 
to make them give the best results at the least cost requires that the 
chemist must be able, as Mr. David Howard cx])rcsscd it so tersely, 

to think in tons.” But, even apart from construction and work¬ 
ing what a large field has a chemist in which to show his talent for 
economy! I have known a factory where three men were deputed 
to pick up every nail, every piece of wood or sacking or other waste 
material that had been thrown about by careless men under careless 
supervision in past years, and their two days’ haul brought (juite a 
large sum of money. I have known others where faulty air com¬ 
pressors required almost daily renewal of valves, where the number 
of leaky steam valves and water cocks found on the sera]) heap was 
more than a hundred, where the steam wasted through leaky joints 
caused considerable nuisance at considerable expense, and yet all 
these could have been prevented or repaired at a small weekly cost, 
and the waste material made useful again. A chemist can in a hun¬ 
dred and one ways make himself highly valuable by looking after 
little engineering details, and he will become still more useful by 
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being able to look after the building of small works railways, the 
provision of lifts, the erection of storage tanks for liquids of all 
kinds, the care of packing materials, like carboys and casks, the 
safety of the factory and workers against fire and accidents, and 
many other things. 

After having, much to my gratification, patiently listened to this 
long syllabus of possibilities for a works chemist to act as engineer, 
you will, no doubt, be inclined to ask where the heaven-born genius 
should come from who can do all that work. To perform all these 
functions thoroughly reciuires a well-trained engineer with a large 
experience in chemical works, and, as Mr. Paton once explained, not 
merely a superior mechanic. It is useless, therefore, to expect a 
chemist to undertake all such work. On the other hand, a works 
chemist ought to possess an adequate knowledge of chemical tech¬ 
nology to enable him to understand all kinds of plant, to give proper 
instructions to the artisans in the works, to confer with specialists 
in case of improvements, and to settle details with them, as w^ell as 
to work the ])lant afterwards. 

In these days of great competition and scientific progress, a fore¬ 
man, risen from the ranks, will only very rarely be able to act as a 
works manager. True, a number of men are still with us, who 
have worked hard to gain scientific knowledge, and to combine it 
with their practical experience. Such men have been amongst the 
founders of the enormous chemical industry of this country, and 
we are proud of those still working and those coming on. The 
future, however, belongs to the chemist who has gained practical 
experience as foreman of a department, and combines therewith a 
good engineering knowledge. Such a chemist ought to be properly 
trained, and that cannot be done with young men who come to col¬ 
lege imperfectly prepared, and certainly not in three years, as pre¬ 
scribed at present; there ought to be another year added, so as to 
teach more mechanics and physics in the beginning and to give a 
proper course of chemical technology in the end. 

Now there is only one thing more wanted, and that a most im¬ 
portant one, namely, that manufacturers should realize that a works 
chemist is not solely an analyst, but a highly useful practical tech¬ 
nologist, who, given a little confidence, will in a short time repay 
his salary many times over, and make them wonder that they could 
ever have done without him. And, after all, most chemical v/orks 
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are nothing but huge shops full of machines, which in monotonous 
sameness grind away at well-established processes, where there is 
little work for the pure chemist, but a great deal when he also has 
good engineering knowledge. 

We have heard too much about the many chemists engaged on 
research in the large color works of Germany. Highly valuable as 
they are, and important as their discoveries were, the German chem¬ 
ical industry is infinitely more indebted to that far greater number 
of works chemists who patiently and thoroughly investigated the 
manufacturing processes, who had the ability to devise improve¬ 
ments and economies, and who found generous manufacturers and 
their college-trained sons to give them their confidence. It is on 
these lines that we must progress. 
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Absorbing hydrofluoric acid gas, 243 
Acid proof cast iron, 94 
Aero pulverizer, 139 
Agitator, 150 

steam jet, 152 
Air compressor, 120 
conditioning, 284 
jet lift, 98 

Ammonia, concentrating, 260 
washer, 241 

Apparatus, dissolving, 216 
Aprons, 77 

B 

Rail mills, 132 
l>elt conveyor, 81 
Rlast nozzle, 109 
Rlocks, 93 

Rlower, positive pressure, 123 
steam jet, 106 
steel pressure, 114 
tiir])ine, 115 
volume, 116 

Roiler plant, producer gas bred, 159 
tester, 32 
P>oilers, 16 

Brick kiln, producer gas fired, 168 
Brown roaster, 171 
Bruckner roaster, 172 
Burner, oil, 190 

C 

Calcining, 183 
Calorimeter, throttling, 30 
Carrier, horizontal runs of, 8l 
open top, 70 
platform, 73 
vertical, 71 
Cars, 02 

Cast iron, acid proof, 94 
Centrifugal separators, 203 
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Chain, Dodge, 84 
Ewart, 83 
Ley Bushed, 88 
Maximum, 89 
Monobar, 86 

Chains, power transmitting, 83 
Channels in lilter presses, 198 
Chaser, 129 
Chilean mill, 130 
Chimney ventilator, 109 
Chimneys, 123 
Coal firing, 189 
washeries, 224 
Cocks, 4 
flap, 200 

Combustion of producer gas, 167 
Compression, gas engine, 47 
Compressor, air, 120 
gas, nr 

Concentrating ammonia, 260 
table, 226 
Condensers, 262 

with automatic discharge valve 
267 

eductor, 263 
induction, 265 

Condensing foul vapors, 243 
Conditioning, air, 284 
Converter, copper, 182 
Conveying, 70 
Conveying, coal, 77 
chains, 83 

Conveyor, apron, 73 
rotary, 73 
screw, 72 
steam jet, 92 
Conveyors, belt, 8r 
Cooler, gas, 237 
Cooling towers, 269 
Copper furnace, i8r 
Covering, i 
Crushers, coal, T41 
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Crushers, gyratory, 126 
jaw, 127 
open door, 127 
Crushing rolls, 127 
Crutcher, 248 

Crystallization, separation by, 211 
Cycle, gas engine, 46 
Cylinder, steam engine, 38 

D 

Decantation tank, 217 
Decanting, separation by, 215 
Destructor, refuse, 183 
Digesters, 218 
Discharging device, 133 
Disintegrator, 128 
Disk wheels, 119 
Dissolving apparatus, 216 
separation by, 215 
Distillation, vacuum, 261 
Distilling, 259 
ammonia, 260 

Drive chain, roller type, 92 
Drying, 270 

channels, 273 
and impregnating, 281 
Dryer, cylinder, 274 
vacuum, 275 

Dryers, rotary vacuum, 278 
safety, 282 
shelf, 276 

Dust removing, 234 
E 

Economizer, 22 
Eductors, water jet, 100 
Eggs, 99 

Electric motor drive, 92 
power, 59 

Elevator, bucket type, 71 
Eluting, separation by, 215 
Engine, gas, 46 
Engines, oil, 49 
steam, 37 
Evaporating, 244 
Evaporator, Kesfner, 258 
Lillie, 257 

made of three parts, 250 
Newhall, 256 
Ordwa39 254 


Evaporator, for producer, 53 
stoneware, 244 
for superheated steam, 251 
Swenson, 255 
Vary an, 252 
Zaremba, 255 
Exhaust, gas engine, 46 
Exhausters, steam jet, 110 
steel plate, 118 
Expansion, gas engine, 46 
joints, 3 

Extension valve rod, to 
Extraction, separation by, 211 
Extractor, tar, 238 
Extractors, 212 

F 

Fans, acid proof, 114 
gas cleansing, 232 
steel plate, in 
Feed water, heating, 21 
Feeder, apron, 77 
reciprocating, 83 
Feeding device, 133 
Filter, 33 

presses, 194 
sectional pressure, 35 
vacuum, 205 
washing, 35 
Filtering material, 205 
Firing, ^155 

Flush plate and frame filter press 

195 

Freezing, separation by, 214 
Fuller Lehigh mills, 136 
Furnace, calcining, 185 
copper, 181 
silver-lead, 180 
sulphur, T77 
Furnaces, 155 
roasting, 171 
shaft, 180 

G 

Gas cleansing fan, 232 
engines, 46 
montejus, iti 
producer, 157 
water-, 186 
Gases, mixing, 151 
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Gases, purification, 230 
separation of, 230 
transportation of, 106 
Gaskets, 3 

Governing, gas engine, 48 
Grates, shaking, 189 
Griffin mills, 135 
Grinding machines, 126 
Group method, 63 
Gyratory crushers, 126 

H 

Hartz jig, 221 
Heater, noiseless, 269 
Herreshoff roaster, 175 
Hoists, 93 
Hot l)last stove, 182 
Hydraulic presses, 2io 

T 

Ignition, gas engine, 48 
Impregnating, 281 
Incrustation, 27 
Industrial railways, 92 
Injectors, 94 

J 

Jacks, 03 

Jaw crushers, 127 
Jigs, 221 
Joints, 4 

K 

Kent pulverizer, 137 
Kettle, high jacketed, 247 
rectangular, 247 
steam jacketed, 245 
Kneading machines, 142 
Kominuter, 134 

L 

Lead furnace, t8o 
Lifts, air jet, 98 

Lime kiln, producer gas fired, 161 
Liquids, mixing of, 150 
transferring of, 96 
transportation of, 94 

M 

McDougall roaster, 173 
Measurement of temperature, 287 


Mill, ball, 132 
Chilean, 130 
Fuller Lehigh, 136 
Griffin, 135 
Raymond, 138 
stamp, 128 
stone, 130 
tube, 133 

Mixing of gases, 151 
of liquids, 150 
machines, 142 
Moisture tests, 29 
Montejus, 99 
gas, Tii 

IMotors, electric, 60 
Muffle furnace, producer gas fired, 
166 

N 

Noise, obviating, 108 
Noiseless heater, 269 
Non-conductors, i 
Nozzles, 233 
blast, 109 

O 

Oil burners, 190 
engines, 49 
firing, 190 

Open door crusher, 127 
Overtime work, 67 

P 

Packing, i 
metallic, 2 
spiral, 2 

Pan, vacuum, 250 
Power, transmission, 64 
Press, three chamber, 200 
Presses, 208 
Pressure filter, 208 
producer, 55 

Producer gas, combustion, 167 
fired boiler plant, 159 
brick kiln, 168 
lime kiln, 161 
muffle furnace, 166 
reverberatory furnace, 
162 

firing, T55 
pressure-, 55 
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Producer, suction-, 51 
Pulverizer, aero, 139 
Kent, 137 

Pumps, mechanically driven, loi 
steam jet, 95 
turbine, 102 
vacuum, 121 

Purification of gases, 230 
Purifier, sawdust, 54 

R 

Radiation, protection from, i 
Raymond mills, 138 
Recessed filter press, 195 
Refuse destructor, 183 
Regulating steam engines, 39 
Removing ammonia, 241 
Reverberatory furnace, 171 

producer gas fired, 162 
■ Roasting furnaces, 171 
Roller, enclosed-oiling, 78 
Rolls, crushing, 127 

S 

Sand washing, 228 
Scale, 27 
Scales, 142 
Screens, 220 
Screw presses, 208 
Scrubber, 53 

Zschocke, 231 

Separation by crystallization, 211 
by decanting, 215 
by dissolving, 215 
by eluting, 215 
by extraction, 211 
by freezing, 214 
of gases from gases, 241 
of gases from liquids, 236 
of gases from solids, 230 
by settling, 214 
by sublimation, 214 
Separator, dust, 235 
vacuum, 236 

Separators, centrifugal, 203 
Settling, separation by, 214 
Shaking grates, 189 
Shaft furnaces, t8o 
Sizing, 220 
Smelting, 177 


Speed, constant, 66 
Spray-cooling, 268 
Stamp mills, 128 
Steam engines, 37 
jet blower, 106 
jet exhauster, no 
superheated, 23 
traps, 13 
turbines, 40 
Stetefeldt roaster, 172 
Stoker, 189 
Stones, Ruhr, 132 
Esopus, T32 
Stone mills, 130 
Stove, hot blast, 182 
Sublimation, separation by, 214 
Suction producer, 51 

producer, starting, of, 54 
Sulphur furnace, 177 
Sulphurous acid plant, 153 
Surface of filler plates, 200 
Syphons, 95 
Syphon, lead, 96 

T 

Table, concentrating', 226 
Tank, decantation, 2 7 
Tar extractor, 238 
Temperature, measurement of '>87 
Th ree chamber ])ress, 200 
Transportation of gases, to6 
of liquids, 94 
of solids, 70 
Tube healer, 22 
mills, 133 

Turbines, steam, 40 
Turbine wheel, 45 
Turn tables, 92 
Twin extractor, 213 

V 

Vacuum distillation, 261 
dryer, 275 
filter, 205 
pump, 121 
separator, 236 

Valve, automatic slop check, 7 
balanced, 8 
balanced trip, 9 
butterfly, 10 
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Valve, gas reversing, ii 
gate, 10 
lead lined, lo 
lever, 6 
stop, 5 

stop check, 5 
Ventilators, chimney, 109 


W 

W'ashing, coal, 224 
sand, 228 
Water gas, 186 
purifiers, 33 
wheel, 44 
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. PREFACE. 

The aim of this.book is to clear tip ideas regarding the mechanical 
appliances used in the chemical - and metallurgical industries, to 
expose the real importance of the nmchines used .in the various 
processes and to get rid of the obscurities prevailing at present in 
these matters. I hope that this treatise will fill a deeply felt want, 
as there is only one book on the market, along similar lines, viz., 
Parnicke's well-known German work. 

I have treated with great detail all the prominent types of ma¬ 
chines, which are of interest to the industrial chemist and metal¬ 
lurgist. The subject, however, being so wide, proper selections had 
to be niade—as always in such cases—according to my judgment 
and e?cperience. 

Holding the view that that man will be the best judge of a group 
or class of things who is familiar with the highest standard and 
best type of same, I have described in every chapter the best respec¬ 
tive machines on the American market. I hope that in this respect 
the chapters on transportation of gases, liquids and solids, on grind¬ 
ing, mixing, filtering, concentrating, drying, firing, etc., will give 
considerable enlightenment to readers interested in these subjects. 

The chapters on power have been treated from a more general 
point of view. As to steam power, I have not gone into detailed 
description of steam boilers and steam engines, but have mainly 
dwelt upon the requirements of a perfect steam boiler and the care 
of boilers. However, regarding superheated steam, turbines, and 
especially gas power, I have said everything that is of interest to 
the chemical and metallurgical engineer. 

Another object of this book is to impart such information as to 
make buyers of machinery independent of the talking points ” of 
•the salesman. The buyer, being familiar with the best types of 
machines, will easily see if any essential details are lacking in a 
machine offered to him. 

I also hope that this book will prove highly useful to the student, 
analytical chemist and to the mechanical engineer connected with 
the chemical industries, as also to manufacturers, superintendents 
and purchasing- agfents in general. Oskar Nagel, Ph.D. 

New York, 

November, 1908 ." 
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Covering and Packing. The loss by radiation from unclothed 
pipes and vessels containing steam is considerable, and, in the case 
of pipes leading to steam engines, is magnified by the action of the 
condensed water in the cylinder. It therefore is important that 
such pipes should be well protected. 

There is a wide difference in the value of different substances 
for protection from radiation, their value varying nearly in the in¬ 
verse ratio of their conducting power for heat, up to their ability 
to transmit as much heat as the surface of the pipe will radiate, 
after which they become detrimental, rather than useful, as cover¬ 
ing. This point is reached nearly at baked clay or brick. 

A smooth or polished surface is of itself a good protection, 
polished tin or Russia iron having a ratio, for radiation, of 53 to 
100 for cast iron. Mere color makes but little difference. 

Hair or wool felt, and most of the better non-conductors, have 
the disadvantage of becoming soon charred from the heat of steam 
at high pressure, and sometimes from taking fire therefrom. 

Mineral wool, a fibrous material made from blast furnace slag. 



Fig. I. Covering. 


is the best non-combustible covering, but is quite brittle and liable 
to fall to powder where much jarring exi.sts. 

Air space alone is one of the poorest of non-conductors, though 
the best owe their efficiency to the nuinerous minute air cells in 
their structure. This is best seen in the value of different forms 
of carbon, from cork charcoal to anthracite dust, the former being 
three times as valuable for this purpose, though in chemical consti¬ 
tution they are practically identical. 
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Any suitable substance used to prevent the escape of steam heat 
should not be less than one inch thick. 

Fig. I shows a sectional magnesia covering made by the Crane 
Co., Chicago, Ill. These coverings come in regular lengths of 
three feet; they are canvas covered and have two sheet-iron bands 
to each length. 

For covering steam pipes, boilers, heaters, etc., asbestos cement 
felting is frequently used. This covering is composed of asbestos 
fiber combined with other non-conducting materials and makes a 
light, non-combustible and durable covering. It is put up in barrels 
dry to be mixed with water to the consistency of mortar and is ap¬ 
plied with a trowel. 

An everyday operation is the packing of stuffing boxes, a great 



variety of suitable products being on the market for this purpose. 
” Fig. 2 shows the Morris metallic packing for reciprocating piston 
rods and stems which is so constructed that while it holds both 
vacuum and steam pressure, it insures a minimum of friction, from 
the fact that the wedge principle is entirely eliminated. This pack¬ 
ing is automatically lubricated by the cylinder oil carried over by 
the steam through the sectional rings to the bearing surface. 

Fig. 3 shows a spiral packing which is made to meet a demand 
for a cloth and rubber packing for medium and low pressure steam 
and is especially adapted for use in connection with metallic rings 
where the service is against saturated steam. 

A satisfactory packing for engines using superheated or satu- 
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rated steam is the Duval metallic packing- sliow'n in Fig, 4, which 
consists of a mass of fine composition wire plaited into square form. 
Each individual wire is coated with anti-friction metal. No special 
form of stuffing box is required for this packing, which is flexible 
and readily bent around a rod or plunger. 

For packing pipes, gaskets made of rubber, asbestos, copper, etc., 
are used. Fig. 5 shows a metallic gasket consisting of thin sheet 
copper stamped with concentric corrugations. Three to six corru¬ 
gations are all that are necessary, so that the space within the bolt 
holes determines the width of the gasket. In cases where the 
flanges are thin and for this reason liable to bend when the bolts 



Fig. 4. Duval Packing. Fig. 5. Metallic Gasket. 


are tightened, it is advisable to extend the copper gasket to the full 
width of flange. This width of course requires the cutting of bolt 
holes in the gasket. Connections made with these gaskets will not 
blow out in continued use, for each corrugation makes the entire 
circle of the flange, and so long as the contact is kept complete by 
compression, the joint cannot leak. 

In long pipe lines through which 
hot liquids or gases are conveyed 
expansion joints have to be inserted 
at certain distances, about every 
three hundred feet, for equalizing 
the expension caused by the heat. 

Fig^. 6 shows a Wainwright ex¬ 
pansion joint which is largely used 
for superheated steam. These ex- 
Dansion joints which are manufac- 
ured by the Alberger Condenser Co., of New York, are very com- 
)act, being no larger than the diameter of the flanges of the pipe 
n which they are inserted; they are entirely free from leakage and 
0 made that they can be readily covered with a xion-conducting 
naterial to prevent radiation of heat. 



Fig. ,6. Expansion Joint. 
















4 APPLIANCES OF CHEMICAL AND METALLURGICAL INDUSTRIES. 


This expansion joint consists of a main corrugated tube of soft 
copper, an inner cylindrical slip tube of hard copper or composition, 
external and internal equalizing rings of cast iron, and connecting 
flanges of cast iron or steel. The function of the corrugated tube 
is obvious. It withstands the internal pressure and makes an abso¬ 
lutely steam-tight connection from one end to the other. The 
equalizing rings are used to limit the movement of the corrugated 
tube in any one convolution and to cause all of the latter to assume 
their part of the travel. In this manner not only is a very effective 
result obtained, but the durability of the device is also assured. 

Pipe lines for hot or cold pressure water, acids and lyes are pref¬ 
erably made with flanged joints. With lead pipes great lengths 
are soldered together and the flanges reduced to the smallest pos¬ 
sible number. 

Suction lines for cold water are made with screwed joints and 
packed with rubber and asbestos. The packing of distillation and 
extraction apparatus depends upon the material to be treated. 

Cocks and Valves. For interrupting the flow of liquids and 
gases cocks and valves are inserted in the pipe lines. Fig. 7 shows 



Fig. 7. Standard Steam Cock. Fig. 8. Three Way Cock. 


a standard steam cock, Fig. 8 a three-way cock. For strongly acid 
liquids and gases stoneware cocks are used. 

Valves are used to a much larger extent than cocks, as they allow 
a better regulation and a gradual interruption of the flow of liquids 
and gases. 

The sectional view of the well-known Jenkins brass globe valve 
is illustrated in Fig. 9. i is the wheel, 2 the lock nut, y the spindle, 
4 the bonnet, 5 the disc holder, 6 the disc, 7 the waste nut, 8 the 
wheel nut, 9 the disc nut and 10 the body. 
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A complete line of the most excellent valves of all kinds and 
sizes is made by the Schutte and Koerting Co., Philadelphia. 



Fig. 9. Brass Globe Valve. 


Fig. 10 shows the Schutte stop valve made of new metal (copper 
and tin). For superheated steam this valve is made of nickel 
bronze. A stop check valve made by the same concern built for 



Fig. II. Stop Check Valve. Fig. 13. Lever Valve. 
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use on cylinder drains and boiler feed lines is illustrated 
These valves do the combined serv.ces of stop and ch 
thereby saving the cost of one valve. 

A valve which is extensively used as water valve, e< 
mines, is shown in Fig. 12. This valve is provided witi: 
hard rubber renewable discs, that are easily put in. 

For conditions where stopping or starting is rcquir 
quick movement the lever valve shown in Fig. 13 is t 
These valves are also applied for operating steam jet 
and are very convenient in connection with automatic fli 


lUJ 



Fig. 14. Automatic Stop Check Valve. 









g. 14 shows the Schutte automatic noiseless stop check valve 
h is inserted in the connection from each iDoiler to the main 
pipe to prevent the back flow from the main steam pipe when 



Fig. 15. Balanced Yalve. 


e pressure in one boiler is lower. Such conditions always occ 
hen starting a fire or when a joint or tube breaks in a boiler. ^ 
When the fire under the boiler is deficient or not proper 
ncled to the check will indicate that its fire needs attention } 
ight rattling sound at intervals, caused by the intermitten^ 
,arp-e from the boiler to the main steam pipe. By making 
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check valve a stop check valve it answers at the same time as a 
stop valve, which every boiler must have. 

The fluctuation of pressure in the main steam pipe, caused by the 
automatic cut off of engines, catfses a back-lash against the disc of 
the valve, tending to drive it down to the seat This back-lash is 
absorbed in an upward direction by piston B which is approximately 
the same diameter as the disc, hence the blow is equalized in both 
directions irrespective of positions of the disc. The chamber above 



Fig. i6. Balanced Trip Valve. 


piston B is not a dash pot but simply a cylinder, whereby a constant 
pressure is maintained above, as well as below, the seat. 

Balanced Valves. The object of balancing the valve is to remove 
the strain from the spindle so that its operation can be effected 
quickly and with least effort. 

The construction, of the Schutte valve (balanced) shown in Fig. 
15 is based upon the principle of a loose fitting piston, connected 
directly with the valve disc, whereby the valve is balanced. 



The operation is as follows: The first movement of the h.and 
wheel opens the bj^-pass and relieves the pressure in cylinder D, 
thus balancing the valve. The piston B is not tight fitting, but per¬ 
mits steam to leak past, as also a portion controlled by plug C. 
The flow then passes through the by-pass and warms up the con¬ 
nections. The steam must enter above the seat. 



Fig. 17. Lead Lined Valve. Fig. 18. Precision G.ate V.altc. 


Balanced Trip Valves and Trip Throttle Valves. These valves 
are intended as emergency shut-off or engine stop valves and may 
be operated either by hand, or with electric solenoid and push but¬ 
ton, or automatically by governor attached direct to engine. 

The trip valves are used in steam pipe connection to engine and 
are onerated independent of the throttle valve. The trip throttle 
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-- H'C'; combine the features of a trip and throttle, thereby avoiding; 
-Hmiecessity of two valves. They also have the advantage of being 
Vimried daily whereby they are kept in perfect condition; while a 
trip valve may, through lack of attention or use from lime 
n? time, fail to work when required. 

16 shows a Schutte balanced trip valve provided at the bot- 
t.rn with a small sleeve F. The valve is locked open by moving 
tlic hand lever up till the. catch on same engages with the lever 
o supported on the upright bar. After the valve is open, steam 
pressure acts on the area of the piston F with continuous downward 
force, which causes the valve to close as soon as the catch is re¬ 
leased. A hand lever attached to rod FI, the rod being extended to 
any desired point, will permit the operation promptly and without 
effort. For automatic operation of the valve, the rod H may be 
connected to any suitable mechanism as to the engine governor, to 
direct-connected cylinder operated by air, steam or hydraulic pres¬ 
sure or to electrically actuated devices. 

lug. 17 shows the Schutte lead-lined valve. Every part of this 
valve coming in contact with the liquid is lined with lead. This 
valve, which is widely used in chemical factories, is made in the 
angle form only. When used in a straight pipe line, connection 
lias to be made accordingly. A lead-lined check valve having for 
a check a solid ball made either of earthenware or hard rubber is 

manufactured by the same firm. 

Gate Valves, With these valves the 
direction of the flow is not changed and 
the cross-sectional area not decreased. 
The Schutte precision gate valve shown 
in Fig. 18 is a good illustration for this 
type. 

A valve which is not perfectly tight 
but is frequently used where absolute 
Fig. 19. Butterfly Valve, bghtness is not required, is the butterfly 

valve shown in Fig. 19. 

A\ hen it is desired to operate valves from a floor above, the ex¬ 
tension rod and stand, as shown in Fig. 20, may be used. The 
lever or wdieel is removed from the valve spindle and attached to 
the top of the extension rod, while the rod is connected to the 
valve by’ a yoke or nut. 
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Gas Reversing Valves. In the industries in which producer 
gas is used as fuel in connection with regenerators, valves are used 
for reversing the current of gas. The old Siemens butterfly valve 
which is widely used, though considerable losses are occurring in 
same on account of leaks, is now being superseded by more modern 
constructions. 

Figs, 21, 22 show a gas reversiixg valve of modern construction 
which is successfully used in a large number of European iron 



works. It has the advantage that it keeps tight for many years, 
does not warp and effects a saving in fuel which in many cases is 
very considerable. 

This valve which is called the Fischer valve consists of three 
main parts, namely, an inner cylinder with a wall across; an outer 
cylinder which is made in four compartments with four ribs, and 
the base-plate. 

The inner cylinder a presses by the weight b to the lower face c 
Df the upper ring, whereby the upper joint is kept tight. The space 
)f play between the inner cylinder and outer cylinder can be made 
IS desired and the connection between the two cylinders is made 
)y four ribs d, which effect a tight joint on the sides. The four 
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ribs are pressed by the weights ^ against the inner cylinder. The 
ribs d can be lifted by loosening the bolts i, whereby a connection 
is made from producer to stack for burning out the pipes, etc. The 
lower joint is made tight by having the inner cylinder resting* in 



sand h on the base-plates. The pieces I prevent a throwing out o£ 
the center. The inner cylinder rests in ball-bearing o which allows 
easy handling and rests on the button p whereby an absolutely hori— 
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The gas current is reversed by turning the valve i8o degrees. 

Steam Traps. For removing condensed water from steam pipe 
lines steam traps are used, their construction being based upon one 
of the following principles: (i) Expansion of metals by heat and 
contraction of same by cooling; (2) the buoyancy of the liquid col- 



lecting- in a vessel; (3) the use of the weight of the liquid for open¬ 
ing cocks or valves of suitable construction, whereby the water is 
illowed to run off while the steam following is retained. 

The expansion steam trap shown in Fig. 23 and Howland’s im- 
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proved steam trap shown in Fig. 24 are readily understood from 
the illustration; Fig. 25 shows a sectional view of the Jenkins 



Fig. 23. Expansion Steam Trap. 


Diamond trap which is well adapted for places where there is a 
moderate amount of condensation which it is desired to remove 
without waste of steam. It is perfectly automatic and when prop- 



Fig. 24. Howland’s Steam Trap. Fig. 25. Diamond Trap. 


erly adjusted will remain open as long as water escapes, closing 
instantly when steam strikes the plug. 












In large steam power plants the steam trap shown in Fig. 26 
which is built by the Schutte and Koerting Co., is extensively used: 
The discharge valve V is balanced. The float is a tank F full of 
water and its weight is balanced on the outside by lever and weight 
W. The displacement of water outside the tank float causes the 
float to rise or fall and thus regulates the discharge valve V for 
continuous discharge. The connection between float and balance 
outside is effected through a wire X attached to the guide stem 
by a clamp nut. 

The packing around the wire is not a stuffing box, but contains a 
thread of wool for preventing whistling, when air escapes. 

This nut should never be tightened. The removal of the guide 
box B on top exposes the clamp nut, which secures the wire, and it 
can then be adjusted. The discharge valve complete with lever 
can be removed for examination by removing nuts and uncoupling 
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STEAM AND WATER POWER. 

Boilers. The boiler is the initial source of steam ])Ower and 
while not so conspicuous as the engine, is quite as important and 
should be selected with greatest care for life and property, as well 
as the economy of operation, are dependent upon its design and 
construction. Plence, when buying a boiler the quality must first 
of all be considered and then the price. 

The designs of various boilers are too well known to recjuire 
detailed descriptions in this book. 

For the matter of completeness however a tubular boiler is illus¬ 
trated in Fig. 27 and a water tube boiler in Fig. 28. In the tul}ular 
boiler the gases from the fire pass through the tubes, while in the 
water tube boiler the gases travel around the tubes. In the tubular 
boiler the water surrounds the tubes, whereas in the water tube 
boiler the tubes are filled with water. 

The following data regarding boilers, feed water, and the metlKxl 
of determining the moisture in steam, are taken from the book 
entitled ‘‘ Steam,’' published by the Babcock and Wilcox Company. 

The requirements of a perfect steam boiler are: 

1. Proper workmanship and simple construction, the materials 
which experience has shown to be the best being used, so as to 
avoid the necessity of early repairs. 

2. A mud-drum in a place removed from the action of the fire 
to receive all impurities deposited from the water. 

3. A steam and water capacity sufficient to prevent any fluctua¬ 
tion in pressure or water level. 

4. A sufficient water surface for the disengagement of the steam 
from the water in order to prevent foaming. 

5. A constant and thorough circulation of water throughout tlic 
boiler, so as to maintain all parts at one temperature. 

6. The water space divided into sections, so arranged that, slionld 
any section give out, no general explosion can occur, and the 
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with lar^e and free passages between the different sect 
lalize the water line and pressure in all. 

V great excess of strength over any legitimate strain; 
being so- constructed as not to be liable to be strained by 
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equal expansion, and if possible, no joints exposed to the direct 
action of the fire. 

8. A combustion chamber so arranged that the combustion of the 
gases commenced in the furnace may be completed before the es¬ 
cape to the chimney. 

9. The heating surface as nearly as possible at right angles to 
the currents of heated gases, and so as to break up the currents and 
extract the entire available heat therefrom. 

10. All parts readily accessible for cleaning and repairs. This is 
a point of the greatest importance as regards safety and economy. 



Fig. 28. Watertube Boiler. 


11. Proportioned for the work to be done, and capable of work¬ 
ing to its full rated capacity with the highest economy. 

12. The very best gauges, safety valves and other fixtures. 

As to the care of boilers the following rules should be considered: 

Attention Necessary to Secure Safety. 

1. Safety Valves. Great care should be exercised to see that 
these valves are ample in size and in working order. Overloading 
or neglect frequently leads to the most disastrous results. Safety 
valves should be tried at least once every day to see that they will 
act freely. 

2. Pressure Gauge. The steam gauge should stand at zero when 
the pressure is off, and it should show the same pressure as the 
safety valve when that is blowing off. If not, then one is wrong, 
and the gauge should be tested by comparing it with one known to 
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3. Water Level. The first duty of an engineer before starting 
or at the beginning of his work is to see that the water is at the 
proper height; the only reliable way to do this is by trying the 
gauge cocks. If they do not agree with the water gauge the cause 
is to be learned and corrected. 

4. Gauge cocks and water gauges must be kept clean. Water 
gauge should be blown out frequently and the glasses and passages 
to gauge kept clean. 

5. Feed Pump or Injector. These should be kept in order and 
be of ample size. No make of pump can be expected to be reliable 
without regular and careful attention. It is always safe to have 
two means of feeding a boiler. Check valves and self-acting feed 
valves should be frequently examined and cleaned. 

6. Low Water. In case of low water the fire has to be covered 
immediately with ashes (wet if possible) or any earth that ma}’ be 
at hand. Draw the fire as soon as this can be done without in¬ 
creasing the heat. Neither turn on the feed, start or stop engine, 
nor lift the safety valve until fires are out and the boiler cooled 
down. 

7. Blisters and Cracks. These are liable to occur in the best 
plate iron or steel. When the first indication appears there must 
be no delay in making a careful examination and in removing the 
defective piece. 

8. Fusible plugs, when used, must be examined when the boiler 
is clean, and carefully scraped clean on both the water and fire sides, 
or they are liable not to act. 

Attention Necessary to Secure Economy. 

9. Firing. Fire even and regularly, a little at a time. Moder¬ 
ately thick fires are most economical, but thin firing must be used 
where the draft is poor. The grates have to be kept evenly cov¬ 
ered and no air holes are to be allowed in the fire; the fires are not 
to be cleaned oftener than necessary. With bituminous coal, a 
'' coking fire,'’ i. e., firing in front and shoving back when coked, 
sometimes gives best results. 

10. Cleaning. All heating surfaces must be kept clean outside 
and in, or there will be a serious waste of fuel. The frequency of 
cleaning will depend on the nature of fuel or water. As a rule. 
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faces. Hand holes should be frequently removed and surfaces ex¬ 
amined, particularly in case of a new boiler, until proper cleaning 
intervals have been established by experience. 

11. Hot Feed Water. Cold water should never be fed into any 
boiler when it can be avoided, but when necessary it should be 
caused to mix with the heated water before coming in contact with’ 
any portion of the boiler. 

12. Foaming. When foaming occurs in a boiler, checking the 
outflow of steam will usually stop it. If caused by dirty water it 
can be remedied by blowing down and pumping up. In cases of 
violent foaming, check the draft and fires. 

13. Air Leaks. All openings for admission of air to the boiler 
or flues, except through the fire, should be carefully stopped. This 
is frequently an unsuspected cause of serious waste. 

14. Blowing Off. If the feed water is muddy or salty, blow off a 
portion frequently, according to condition of water. Empty the 
boiler every week or two, and fill up afresh. When surface blow- 
cocks are used, they should be often opened for a few minutes at 
a time. Make sure that no water is escaping from the blow-off 
cock when it is supposed to be closed. Blow-off cocks and check 
valves should be examined every time the boiler is clean. 

Attention Necessary to Secure Durability. 

15. Leaks. When leaks are discovered, they should be repaired 
as soon as possible. 

16. Blowing Off. Never empty the boiler while the brickwork 
is hot. 

17. Filling Up. Never pump cold water into a hot boiler. Many 
times leaks and, in shell boilers, serious weaknesses, and sometimes 
explosions are the result of such an action. 

18. Dampness. Care has to be taken that no water comes in 
contact with the exterior of the boiler, as it tends to corrode and 
weaken the boiler. 

19. Galvanic Action. Examine frequently parts in contact with 
copper or brass, where water is present, for signs of corrosion. If 
the water is salty or acid, some metallic zinc placed in the boiler 
will usually prevent corrosion, but it will need attention and renewal 
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to the fire, steam should be raised slowly, and 
rapid or intense firing avoided. With thin 
water tubes, however, and adequate water cir¬ 
culation, no damage can come from this cause. 

21, Standing Unused. If a boiler is not 
required for some time empty and dry it 
thoroughly. If this is impracticable, fill it 
quite full of water, and put in a quantity of 
common washing soda. External parts ex¬ 
posed to dampness should receive a coating 
of linseed oil. 

22. General Cleanliness. All things about 
the boiler room should be kept clean and in 
good order. Negligence tends to waste and 
decay. 

Heating Feed Water. The feed water fur¬ 
nished to steam boilers has to be heated from 
the normal temperature to that of the steam 
before evaporation can commence, and this 
generally at the expense of the fuel which 
should be utilized in making steam. This 
temperature at 75 lb. pressure is 320"^ F., 
and if we take 60° as the average tempera¬ 
ture of feed, we have 260 units of heat per 
pound which, as it takes 1.151 units to evapor¬ 
ate a pound from 60°, represents 22.5 per 
cent of the fuels. All of this heat, therefore, 
which can be imparted to the feed water is 
Just so much saved, not only in cost of fuel, 
but in capacity of boiler. But it is essential 
that it be done by heat which would other¬ 
wise be wasted. All heat imparted to feed 
water by injectors and “live steam heaters’’ 
comes from the fuel and represents no saving. 

There are two sources of waste heat avail¬ 
able: exhaust steam and chimney gases. By 
the former, water may be heated to 200° 
Dr possibly to 210°, in a well-proportioned 
leater. The feed water is generally forced 



Fig. 29. Tube Heater. 
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through these heaters into the boiler by a pump or injector and is 
heated in passing, by contact with small tubes arranged in the interior 
of the heater, through which the exhaust steam from the engine 
passes. An excellent tube heater, which can be easily cleaned, having 
an extraordinarily large heating surface, is built by the Schutte and 
Koerting Co. (Fig. 29) 

The gases going to the chimney carry off a large quantity of heat. 
This .may be reduced materially by using a good boiler and by 
careful firing, but is always a considerable item. Some proportion 
of this heat is available for heating the feed water, by what are 
known as economizers, and frequently it may be carried nearly to 
the temperature of high pressure steam, making a saving in some 
instances of 20 per cent. The more wasteful the boiler, the greater 
the benefit of the economizer: but for large plants it is always a 



Fig. 30. Fuel Economizer. 

valuable adjunct. In many cases water heated by exhaust stearr 
may be still further heated in an economizer to advantage. 

The standard Green fuel economizer, Fig. 30, which is widel] 
used, consists of vertical cast-iron tubes about 4f inches in externa 
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numbers of tubes to fill out any width and pressed into top and 
bottom headers. These sections again are assembled side by side to 
any length desired and connected with top and bottom branches or 
access pipes running lengthwise, one at a lower corner of the section 
where the water enters and the other at the diagonally opposite 
upper corner where the water leaves. Both access pipes are outside 
the brick chamber which encloses the economizer sections. The 
waste gases are led to one end of the economizer by the ordinary 
flue and escape from the opposite end to the chimney or mechanical 
draft fan. The feed water is usually forced by a pump or injector 
into the economizer through the lower branch pipe, entering at the 
end of the economizer where the gases leave and emerging from the 
upper branch pipe at the end of the economizer where the hot gases 
enter. The exterior of each tube is kept clean of soot by scrapers 
which travel continually up and down at a low rate of speed. The 
economizer is ordinarily fitted with blow-off and safety valves, and 
thermometers should be placed in the inlet and outlet pipes. A 
space is provided at the bottom of the chamber for the reception of 
the soot which falls from the scrapers. Dampers and by-passes are 
usually so arranged that the boiler plant can always be operated 
even though the economizer be out of commission. 

Superheated Steam. Steam which has a higher temperature than 
that corresponding to its pressure is termed “ superheated ” or 
'' gaseous steam. 

The greatest source of waste in an engine is through the conden¬ 
sation of steam by the cooling effect of the cylinder walls, or through 
what is called cylinder condensation. It has been established by 
practical tests that in ordinary single cylinder non-condensing en¬ 
gines using saturated steam, the amount of waste through cylinder 
condensation, with an early cut-off, is from 35 to 40 per cent, of 
the total steam used. 

The best means of partially or wholly preventing this loss is by 
the use of superheated steam. 

The gain through the use of superheated steam is due not only 
to the prevention of loss through condensation in steam pipes, but 
the addition of a certain amount of heat in the steam in the form of 
superheat, before it enters the cylinder, will make up for that robbed 
by the cylinder walls, and cause the steam to remain practically dry, 
at all events up to the point of cut-off. 
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I be |)i inciples on which a superheater should be constructed are 
as follows: 

1. It is necessary to place the superheater in a position where a 
suitable temperature is available. If a boiler is working” under 
economical conditions, the difference between the temperature of 
the saturated steam g'enerated by the boiler and of the escaping" flue 
ceases leaving a boiler is not sufficient to superheat the steam to even 
a moderate degree, unless the surface of the superheater is very 
large. Hence, generally s])caking, a superheater should not be 
placed in the flue between boiler and chimney. On the other hand, 
if placed too near to the boiler furnace, excessive temperatures may 
be attained which would cause damage. 

2. The superheater should be constructed to admit of all its parts 
expanding and ccmtracting freely, without severe strains being put 
on any of the joints, which might cause them to leak; flange joints 
exposed to furnace gases should be avoided. 

3. Provision should be made to protect the superheater against 
overheating when steam is not passing through it rapidly enough 
to carry away the heat supplied by the furnace gases. 

The superheater shown in Fig. 31, which is built by the Babcock 
& Wilcox Co,, fulfils these requirements. It is not subject to the 
immediate action of the fires, as before the furnace gases strike it 
they must pass through the front part of the boiler, and thereby 
come in contact with a considerable area of heating surface. As¬ 
suming the boiler to be used in regular work, and the firing even, no 
great fluctuations in temperature can take place in the amount of 
superheat. Moreover, all parts of the superheater are readily acces¬ 
sible for examination, and if necessary the tubes may be renewed. 
A record extending over many years of service has, however, dem¬ 
onstrated that the superheater requires practically no repairs. 

There are no flanged joints; all the tube joints are expanded. 
Freedom for expansion is provided for by the tubes being free at 
one .end, and by the manifolds not being rigidly connected with 
each other. 

Overheating during steam raising is prevented by an arrangement 
for flooding with boiler water, and using the superheater as part of 
the boiler heating surface, while steam is being raised. 

The tubes of the superheater are bent into U shape, and con- 
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saturated steam from the boiler, the other collecting the superheated 
steam after.it has traversed the superheater tubes, and delivering it 
to the valve, placed above the boiler. 

The flooding arrangement consists simply of a connection with 
the water space of the boiler drum, and a valve by which, at the 
will of the operator, the water may be made to enter the lower 
manifold and fill the superheater to the boiler water level. Any 
steam formed in the superheater tubes is returned into the boiler 
drum, through the collecting pipe, which, when the superheater is 
at work, conveys saturated steam into the upper manifold. Prior 



Fig. 32. Foster Superheater. 


to opening the superheater stop valve and using superheated steam, 
the water is drained away from the manifolds by the flooding pipe. 

A great number of these superheaters are now in active service, 
and experience has shown, that the}^ are both durable and efficient. 

From 100to 150^ F. of superheat is usually provided for and 
it has been found by experiment that even with the most refined 
triple expansion engines, working under ordinary conditions, an 
economy of from 10 to 15 per cent, can be regularly obtained. 
With engines of lower economy, or of slower piston speed, the 
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Fig-. 32 shows a Foster superheater, built by the Power Specialty 
Co.; Fig. 33 ail independent superheater of this type. 

Professor R. H. Thurston in a recent paper before the American 
Society of Mechanical Engineers on “ Superheated Steam,’' arrives 
at the following conclusions : 

1. Superheated steam, as hitherto employed in the steam engine, 
has absolutely no thermodynamic value; that is, it neither raises the 
upper limit of temperature or depresses the lower limit. 

2. Superheating has for its whole purpose and result, in the steam 
engine to-day, the extinction 

or reduction of the internal 
thermal wastes of the engine, 
consequent upon the phenome¬ 
non known as initial or “cylin¬ 
der condensation.” Here it is 
extraordinarily effective, and 
a small quantity of heat ex¬ 
pended in superheating the 
entering steam effects a com¬ 
paratively large leduction in 
the expenditure of steam in 
the engine. 

3. Superheating is superior to any other known means of reduc¬ 
tion of internal waste. 

4. No trouble need now be found at the engine with sufficient 
superheating under usual conditions of operation, to annihilate 





Fig. 33. Indepekdext Foster 
Superheater. 


cylinder condensation. 

5. The more wasteful the engine, the larger the promise of gain- 
by superheating, and small engines will profit by it more than large, 
slow engines more than fast, and single engines more than multiple 
cylinder systems. 

6. The larger the waste to be checked in the engine, the farther 
should the superheating be carried. 

Incrustation and Scale. The presence of scale or sediment in a 
boiler results in loss of fuel, burning and cracking of the boiler, 
predisposes to explosion, and leads to extensive repairs. The most 
common and important substances in boiler scale are carbonate of 
liine, sulphate of lime, and carbonate of magnesia. Small amounts 
of alumina and silica are sometimes found and oxide of iron not 
infrequently is present as a coloring matter. 
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It is absolutely essential to the successful use of any boiler that it 
be accessible for the removal of scale, for though a rapid circulation 
of water will delay the deposit and certain chemicals will change its 
character, yet the most certain cure is periodical inspection and 
mechanical cleaning. This may, however, be rendered less fre¬ 
quently necessary, and the use of very bad water more practical, by 
the employment of some preventives. The following are a fair 
sample of those in use, with their results: 

Oak, hemlock, and other barks and woods, sumac, catechu, log¬ 
wood, etc., are effective in waters containing carbonates of lime or 
magnesia, by reason of their tannic acid, but are injurious to the 
iron, and not to be recommended. 

Molasses, cane juice, vinegar, etc., have been used with success 
so far as scale is concerned, by reason of the acid which they con¬ 
tain, but this is even more injurious to the iron than tannic acid, 
while the organic matter forms a scale with sulphate of lime when 
it is present- 

Milk of lime and metallic zinc have been used with success in 
treating waters charged with bicarbonate of lime, before they are 
used for feeding, reducing the bicarbonate to the insoluble carbonate. 

Barium chloride and milk of lime are said to be used with good 
effect at Krupp’s works, in Prussia, for waters impregnated with 
gypsum. 

Soda ash and other alkalies are very useful in waters containing 
sulphate of lime, by converting it into a carbonate, and so forming 
a soft scale easily cleaned. But when used in excess they cause 
foaming, particularly where there is oil coming from the engine, 
with which they form soap. All soapy substances are objectionable 
for the same reason. 

Petroleum has been much used of late years. It acts best in 
waters in which sulphate of lime predominates. As crude petro¬ 
leum, however, sometimes helps in forming a very injurious crust, 
the refined only should be used. 

Tannate of soda is a good preparation for general use, but in 
waters containing much sulphate, it should be supplemented by a 
portion of carbonate of soda or soda ash. 

A decoction from the leaves of the eucalyptus is found to work 
well in some waters, in California. 

For muddy water, particularly if it contain salts of lime, no pre- 
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ventive of incrustation will prevail except filtration, and in almost 
every instance the use of a filter, either alone or in connection with 
some means of precipitating the solid matter from solution, will be 
found very desirable. 

In all cases where impure or hard waters are used, frequent 
^‘blowing” from the mud-drum is necessary to carry off the accu¬ 
mulated matter, which if allowed to remain would form scale. 

When boilers are coated with a hard scale difficult to remove, it 
will be found that the addition of one fourth of a pound caustic 
soda per horse-power, and steaming for some hours, according to 
the thickness of the scale, just before cleaning, will greatly facilitate 
that operation, rendering the scale soft and loose. This should be 
done, if possible, when the boilers are not otherwise in use. 

. Tests for Moisture. In boiler trials it is essential to know the 
quality of the steam generated; whether it is wet, dry, or super¬ 
heated. For many years the standard apparatus for ascertaining 
this was the barrel calorimeter, but this was superseded by the 
throttling calorimeter, an instrument first devised by Professor C. 
H. Peabody, of the Massachusetts Institute of Technology (see 
Journal of Franklin Institute, August, 1888), and which, when 
properly handled and connected, gives results far more accurate 
than can be obtained in any other way. 

There have been numerous forms of this instrument, one of the 
simplest being that designed by Mr. George H. Barrus, of Boston, 
which is described below: 

Steam is taken from a -J-inch pipe provided with a valve and 
passes through two J-inch tees situated on opposite sides of a ^-inch 
fiange union, substantially as shown in the accompanying sketch 
(Fig. 34). A thermometer cup, or well, is screwed into each of 
these tees, and a piece of sheet iron perforated with a j!;-kich hole 
in the center is inserted between the flanges and made tight with 
rubber or asbestos gaskets, which also act as non-conductors of heat. 
For convenience a union is placed near the valve as shown, and the 
exhaust steam may be led away by a short il-inch pipe, shown by 
dotted lines. The thermometer wells are filled with mercury or 
heavy cylinder oil, and the whole instrument from the steam main 
to the i;|--pipe is well covered with hair felt. 

Great care must be taken that the orifice does not become 

choked with dirt and that no leaks occur, especially at the sheet- 
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iron disc, also that the exhaust pipe does not produce any back 
pressure below the flange. Place a thermometer in each cup, and, 
opening the -J-inch valve wide, let steam flow through the instru¬ 
ment for ten or fifteen minutes; then take frequent readings on the 
two thermometers and the boiler gauge, say at intervals of one 
minute. 

The throttling calorimeter depends on the principle that dry steam 
when expanded from a higher to a lower pressure without doing 
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pending on the two pressures. If, however, some moisture be 
present in the steam, this must necessarily be first evaporated, and 
the superheating will be proportionately less. The limit of the 
instrument is reached when the moisture present is sufficient to 
prevent any superheating. 

Assuming that there is no back pressure in the exhaust, and that 
there is no loss of heat in passing through the instrument, the total 
heat in the mixture of steam and moisture before throttling, and 
in the superheated steam after throttling, will be the same, and will 
be expressed by the equation 

H — (wL/ioo) = 1146.6 + .48(/ — 212) 
or 

x= [H — 1146.6—.48(^ — 2I2)]/L X 100 

in which u; = percentage of moisture; 1/ = total heat above 32° in 
the steam at boiler pressure ; L — latent heat in the steam at boiler 
pressure; 1146.6 = total heat in the steam at atmospheric pressure; 
iJ-= temperature shown by lower thermometer of calorimeter; 212 = 
temperature of dry steam at atmospheric pressure. 

Theoretically the boiler pressure is indicated by the temperature 
of the upper thermometer, but owing to radiation, etc., it is usually 
too low, and it is better to use the readings of the boiler gauge, if 
correct, or better still to have a test gauge connected on the -+inch 
pipe supplying the calorimeter. 

If the instrument be well covered and there is as little radiating 
surface as possible, the above assumption that there is no loss of 
heat in passing through the instrument may be nearly, though never 
quite, correct. On the other hand, it is more than likely to be very 
far from correct, and, to eliminate any errors of this kind, Mr. 
Barrus recommends a so-called calibration ” for dry steam. This, 
again, involves an assumption which is open to some doubt, which 
is that steam, when in a quiescent state, drops all its moisture and 
becomes dry. No other practical method, however, has been pro¬ 
posed, and this is, therefore, the only method used at the present 
time. Some engineers, however, refuse to make any calibration, 
but, instead, make an assumed allowance for error. 

To make the calibration, close the boiler stop valve, which must 
be on the steam pipe beyond the calorimeter connection. Keep the 
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steam pressure exactly the same as the average pressure during the 
test, for at least fifteen minutes, taking readings from the two ther¬ 
mometers during the last five minutes. The upper thermometer 
should read precisely the same as during the test, and the lower 
thermometer should show a higher temperature; this reading of the 
lozvcr thermometer is the calibration reading for dry steam, which 
we will call T. 

Calculation of results, allowing for radiation, by calibration 
method: 

Formula .r= [-48(7 — 0 / 7 ] X lOO 

in which a* = percentage of moisture; T = calibration reading of 
lower thermometer; ^ = test reading of lower thermometer; L — 
latent heat of steam at boiler pressure. 

The method of taking a sample of steam from the main is of the 
greatest importance, and more erroneous results are due to improper 
connections than to any other cause. The sample should be taken 
from the main steam current of the steam ascending in a vertical 
pipe. Avoid perforated and slotted nipples, and use only a plain, 
open ended nipple projecting far enough into the steam pipe to 
avoid collecting any condensation that may be on the sides of the 
pipe. Take care that no pockets exist in the steam main near the 
calorimeter in which condensation can collect and run down into 
sampling nipple. Make connections as short as possible. 

As mentioned above, there is a limit in the range of the throttling 
calorimeter which varies from 2.88 per cent, at 50 pounds pressure 
to 7.17 per cent, at 250 pounds. When this limit is reached a small 
separator may be interposed between the steam main and the calo¬ 
rimeter, which will take out the e.Kcess of moisture. By weighing 
the drip from the separator and ascertaining its percentage of the 
steam flowing through and adding this to the percentage of moisture 
then shown by the throttling calorimeter, the total moisture in the 
steam may be ascertained. It is seldom, however, in a well designed 
boiler that any but a throttling calorimeter becomes necessary. 

Boiler Tester. This apparatus is used for filling and testing boil¬ 
ers with hot water for pressures up to say three times to steam 
pressure. The instrument shown in Fig. 35, which is manufactured 
by the Schutte and Koerting Co., Philadelphia, is a combination of 
two machines, one of large capacity for rapidly filling the boiler and 
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a smaller one to overcome a high counter-pressure. After the 
boiler is filled the large machine F is shut off, and the small high- 
pressure machine 1 is started to apply the pressure. 

This machine is made for a capacity only sufficient to make up 
for possible leaks in the boiler to be tested, and any excess above 
this is discharged through, the automatic overflow safety valve D. 
This valve is loaded with a spring, which can be set to the desired 



pressure by the hand wheel B. It will then maintain the same 
pressure while the excess water discharges at the overflow. To fill 
the boiler valves X and Y are opened, valve C is closed tight and the 
steam valve A opened. To apply pressure, valve A is closed tight, 
water valve C is opened, and the injector I started with handle E. 
An air cock or opening must be left at the top of the boiler to be 
opened when boiler is filling and closed when full. 

The boilers should be tested from time to time. 

Water Purifiers and Filters, A heater and purifier combined, as 
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lilt by the Murray Iron Works, Burlington, Iowa, is shown 
g. 36. In this purifier the feed water supply from the pump 
nk is regulated by an automatic float valve which admits onh 
uch water as the boiler requires. The feed water first pa: 



Fig. 36- Water Heater and Pcrifier. 


3ver a series of removable pans which take out such impuritic 
will precipitate at a temperature of 212 degrees, such as lime 
magnesia, then to the settling chamber, where the oil and such 
purities as come to the surface of boiling water are skimmed 
thence to the pure water or pump suction chamber, through a s 
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of syphon goose necks that take the pure water from beneath the 
surface in the settling chamber only; the syphoning being stopped 
by the admission of air into the goose necks, when the surface of 
the feed water is an inch above the openings in the goose necks, 
where it is kept hot by the exhaust steam pipe that passes through it. 

Water filters, which are widely 
used in boiler plants, water works 
and other industries are built by the 
New York Continental Jewell Filtra¬ 
tion Company, New York. Fig. 37 
shows a small filter built by this firm 
having a capacity of about 400 gal¬ 
lons per hour. This type is operated 
by one valve only and revolving rakes 
are provided for breaking up the 
filter bed when washing. 

Figs. 38 and 39 show the New 
York sectional washing pressure fil¬ 
ter. For filtering the valves should 
be set as follows: Open A, B, G 
and H; close C, D, F and K, turn F 
so that the index points to number i 
on wheel, and adjust I to feed sufficient alum solution to produce 
clear filtered water. 

To wash the filter the following two steps have to be observed: 

1. Close C, H, A and B; open D and C, and turn F so that the 
index points to number p on wheel; allow water to flow three or 
four minutes, then turn F so that the index points to number 7; 
again allow water to flow three or four minutes, then turn F so that 
the index points to number i, and allow water to flow three or four 
minutes. 

2. Close D and C, open A, E, G and FI (the valve / having been 
adjusted to feed sufficient alum solution to produce clear filtered 
water) ; allow water to flow until clear (usually two or three min¬ 
utes suffices), then close E and open B, This done, the washing is 
finished and filter is in service. 

The directions for the coagulant tank are as follows; 

To fill the coagulant tank, close li and G, remove plug cover I 
md open K to drain solution from tank, then close K and fill tank 
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with crystal alum; next open H fully and when water fills tank 
close H and replace plug cover H, then open G and H fully. 

The coagulant tank connections being small require blowing out 
at least once a month; to do this, select time when tank requires 
filling and before removing plug cover J, open H and K fully; allow 
water to flow from drain pipe one half minute, then close H and 
open / and I fully; allow water to flow one half minute, then close 



/ and /v, adjust I to normal position to feed sufficient alum solution 
to produce clear filtered water, and proceed as directed above to 
fill coagulant time. 

The valve L is a back-pressure valve to insure a circulation of 
water through the coagulant tank. The amount of back pressure 
can be adjusted by means of the weights on the lever; raising the 
weight decreases the back pressure, and lowering the weight in- 
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creases the back pressure. The weight is adjusted before leaving 
the factory and rarely requires readjustment. 

With this filter the results depend exclusively upon the care and 
regularity in washing. The filter should be washed once in every 



twenty-four hours if in service. Only sufficient alum solution is 
to be used to produce clear filtered water. The coagulant tank 
should at all times contain alum. 

Steam Engines. In classifying engines with regard to their gen¬ 
eral arrangement of parts and mode of working account has to be 
taken of a considerable number of independent characteristics. We 
have, first, a general division into condensing and non-condensing 
engines, with a subdivision of the condensing class into those which 
act by surface condensation and those which use injection. Next 
there is the division into compound and. non-compound, with a 
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further classification of the former as double, triple or quadruple 
expansion engines. Again engines may be classed as single or 
double acting, according as to steam acts on one or alternately on 
both sides of the piston. Again a few engines—such as steam 
hammers and certain kinds of steam pumps—are non-rotative, that 
is to say, the reciprocating motion of the piston does work simply 
on a reciprocating piece; but generally an engine works on continu¬ 
ously revolving shaft, and is termed rotative. In most cases the 
crank pin of the revolving shaft is connected directly with the piston 
rod by a connecting rod, and the engine is then said to be direct- 
acting; in other cases, of which the ordinary beam engine is the 
most important example, a lever is interposed between the piston 
and the connecting rod. The same distinction applies to non¬ 
rotating pumping engines, in some of which the piston acts directly 
on the pump rod, while the others act through a beam. The posi¬ 
tion of the cylinder is another element of classification, giving hori¬ 
zontal vertical and inclined cylinder engines. 

No type of steam engine is so common as the horizontal direct- 
acting. We give the details of construction generally followed in 
this class of engine. 

The cylinder consists of cast iron, exactly bored, of which the 
ports and sides of the valve chest form part. Sometimes there is 
an interior cylinder called a “ liner,” especially in large engines, and 
the space between the inner and outer cylinder is used as a steam 
jacket. In the front cylinder cover there is a stuffing box through 
which the piston rod passes. The stuffing box is kept steam-tight 
by a soft packing which is pressed in by a gland. In some in¬ 
stances the packing consists of metallic rings. The cylinder cover 
and gland are lined with a brass ring in the hole, through which 
the piston rod passes. The valve rod is brought out of the valve 
chest in the same way. The piston is a hollow casting into which 
the piston rod is screwed and riveted over. It is packed by two 
split rings of cast iron, which are sprung into recesses turned into 
the circumference of the piston. This mode of packing is used in 
locomotives and small engines. For large pistons the usual plan is 
to employ wider split rings, called floating rings, pressed against 
the sides of the cylinder, not by their own elasticity, but by separate 
springs behind them in the body of the piston; they are held in place 
by a movable flange, called a junk ring, on one face of the piston. 
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The cross-head consists of a steel centerpiece with a round boss, in 
which the piston rod is secured by a cotter and a forked front, 
where the end of a connecting rod works on a pin. A pair of pins 
at top and bottom carry the steel shoes or sliding blocks, whose 
distance from the center is adjustable by nuts to take up wear. 
Occasionally the crank is omitted, and the connecting rod works 
on a pin fixed in a disk on the end of the shaft on the main bearing. 
The valve rod, which is worked by an eccentric just behind the 
bearing, is extended through the end of the valve chest, and forms 
the plunger of a feed pump which is bolted to the end of the chest. 
Frequently the feed pump is fixed at any convenient part of the 
bed-plate, and is driven by a separate eccentric, and in some cases 
its plunger is connected directly to the cross-head. In the main 
bearing the shaft turns in gun metal or phosphor-bronze blocks 
called bearings. In heavy engines these are generally lined with 
Babbitt’s anti-friction metal or other soft alloy, and in many modern 
engines the brasses are entirely dispensed with, a lining of Babbitt’s 
metal being let into the cast-iron surface of bearing. When the 
bearings are in two pieces, the plane of division between them is 
chosen to be that in which the wear is likely to be the least. A 
more satisfactory adjustment is possible when the bearings are in 
three or more pieces. 

In large engines the most usual plan of automatically regulating 
the expansion is to employ some form of trip gear, the earliest type 
of which was introduced by G. H. Corliss. In the Corliss system 
the valves which admit steam are distinct from the exhaust valves. 
The latter are opened and closed by a reciprocating piece, which 
takes its motion from an eccentric. The former are opened by a 
reciprocating piece, but are closed by springing back when released 
by a trip, or trigger action. The trip occurs earlier or later in the 
piston’s stroke, according to the position of the governor. The 
admission valve is opened by the reciprocating piece with equal 
rapidity whether the cut-ofiF is going to be early or late. It remains 
wide open during the admission, and then when the trip action 
comes into play, it closes suddenly. Generally the valves of Corliss 
engines are cylindrical plates turning in hollow cylindrical seats 
which extend across the width of the cylinder. Often, however, 
the admission valves are of the disc or double-beat type, and spring 
into their seats when the trip gear acts. Many forms of Corliss 
gear have been invented bv Corliss himself and others. 
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In the large horizontal Corliss engine the cylinder is steam- 
jacketed around the barrel in the space between the liner and the 
outer cylinder, and also at the ends, which are cast hollow for this 
purpose. In large horizontal engines the weight of the piston tends 
to cause excessive wear on the lower side of the cylinder. In some 
of this type a part of the weight is borne by a tail rod, ending in a 
block, which slides on a fixed guide behind the cylinder. To fur¬ 
ther diminish wear the piston is sometimes made much wider and 
the device is sometimes resorted to of giving the piston rod an 
upward curvature in the middle portion, which the weight of the 
piston reduces to straightness. 

When uniformity of driving effort or the absence of dead points 
is especially important, two independent cylinders are often coupled 
to the same shaft by cranks at right angles to each other, an arrange¬ 
ment which allows the engine to be started readily from any posi¬ 
tion. Winding engines in which ease of starting, stopping and 
reversing is essential, are very generally made by coupling a pair 
of horizontal cylinders, with cranks at right angles to each other, 
on opposite sides of the winding drum, with the link motion as the 
means of operating the valves. 

For mill engines the compound tandem and compound coupled 
types are now the most usual, and the high-pressure cylinder is very 
generally fitted with Corliss gear. In the compound coupled 
arrangement the cylinders are on separate bed-plates, and the fl}' 
wheel is between the cranks. 

The general arrangement of vertical engines differs little from 
that of horizontal engines. 

Steam Turbines. As steam turbines are coming more and more 
into use because of the greater fuel economy in their operation as 
compared to steam engines, the description of a standard machine 
of this type, the '‘Parsons,” wilTbe of interest. Fig. 40 is the 
longitudinal section through a turbine of the Parsons type, showing 
the turbine in diagrammatic form, but omitting all details which 
are not necessary to an understanding of the general principles. 

The turbine consists essentially of a fixed casing, or cylinder, 
and a revolving spindle, or drum. The ends of the spindle are 
extended in the form of a shaft, carried in two bearings A and B, 
and, excepting the small parts of a governing mechanism and the 
oil pump, these bearings are the only rubbing parts in the entire 
turbine. 



STEAM AND WATER POWER. 


team enters from the steam pipe at C and passes through the 
n throttle or regulating valve D, which, as actually constructed. 



is a balanced valve; this valve being operated by the gover 
through suitable controlling mechanism. 

The steam enters the cylinder through the passage E, and turr 
to the left (as seen in cut) passes through alternate stationary 
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revolving rows of blades, finally emerging from the blades at F 
and passing through the passage G to the condenser or to the 
atmosphere, according to whether the turbine is condensing or non¬ 
condensing. 

Each row of blades, stationary and revolving, extends completely 
around the turbine, the steam flowing through the full annulus 
between the spindle and the cylinder. In an ideal turbine the 
lengths of the blades and the diameter of the spindle which carries 
them would continuously and gradually increase from the steam 
inlet to the exhaust. Practically, however, the desired effect is 
produced by making the spindle in steps, there being generally three 
such steps or stages, H, J and K. 

The blades in each step are arranged in groups of increasing 
length. At the beginning of each of the larger steps the blades 
are usually shorter than at the end of the preceding smaller step, 
the change being made in such a way that the correct relation of 
blade length to spindle diameter is secured. 

The steam, acting as previously described, produces a thrust, 
tending to force the spindle towards the left, as seen in the cut. 
This thrust, however, is counteracted by the balance pistons A, 
M and N, which are of the necessary diameter to neutralize the 
thrust on the spindle steps P/, J and K respectively. These ele¬ 
ments are called ‘‘ pistons ” for convenience, although they do not 
come in contact with the cylinder, but both the pistons and the cylin¬ 
der are provided with alternate rings which form a “ labyrinth 
packing to retort the leakage of steam. In order that each balance 
piston may have the proper pressure on both sides, equalizing pas¬ 
sages 0, P and Q are provided, connecting the balance pistons with 
the corresponding steps in the blading. 

The end thrust being thus practically neutralized by means of 
the balance pistons, the spindle ‘‘ floats so that it can be easily' 
moved in one direction or the other. In order to definitely fix the 
position of the spindle a small “ thrust bearing ’’ is provided at R 
inside the housing of the main bearing B. This so-called thrust 
bearing is adjustable, to locate and hold the spindle in such posi¬ 
tion that there will be such a clearance between the rings of the 
balanced piston, and those of the cylinder as will reduce the leakage 
of steam to a minimum and at the ^ame time prevent actual contact 
under varying conditions of temperature. 
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Where the shaft passes out of the cylinder at 6^ and T it is neces¬ 
sary to provide against in-leakage of air or out-leakage of steam. 
This is accomplished by means of glands which the small scale of 
the illustration prevents from showing as actually constructed. 
The shaft of the turbine is extended at U and coupled to the shaft 
of the electric generator by means of a flexible coupling inside of 
the bearing housing. 

The turbines are so proportioned that, in using steam as pre¬ 
viously described, they have just enough overload capacity to take 
care of the ordinary fluctuations of load when controlled by the 
governor through the valve D, thus insuring maximum economy of 
steam consumption at approximately the rated load. To provide 
for greater overloads, the valve V is supplied, to admit steam to 
intermediate stages of the turbine; this being the equivalent of the 
by-pass valve generally used for admitting live steam to the low- 
pressure cylinder of a compound reciprocating engine. This valve, 
shown diagrammatically in the illustration, is arranged to be oper¬ 
ated by the governor or by hand, as the conditions under which the 
turbine is to work may require, and is, according to circumstances, 
located either as shown by the illustration, or at another stage of 
the turbine. 

If it were possible to make the rotor of the steam turbine a tight 
working fit in its cylinder so as to prevent leakage of steam, the 
high steam economy of tlie turbine would even more nearly approach 
the theoretical limit. The high speeds which are essential in the 
steam turbine, however, preclude any continuous contact between 
the rotating and stationary parts, except in the well-lubricated bear¬ 
ings. The rubbing of other parts would produce such friction as 
would more than neutralize the increased steam economy, and result 
in the ripping out of blades. 

It is necessary, therefore, to effect a compromise by leaving a 
clearance between the rotating and stationary parts and allowing 
the steam to leak through this clearance, but reducing this leakage 
to the minimum possible. For this reason the tips of the rotating 
blades just clear the cylinder and the tips of the stationary blades 
just clear the surface of the spindle. For the same reason the rings 
of the labyrinth ” packing of the balance pistons are not allowed 
to come into contact. The necessity of permitting a leakage of 
steam, and at the same time keeping such leakage as small as pos- 



44 APPLIANCES OF CHEMICAL AND METALLURGICAL INDUSTRIES. 


sible has an important bearing on the whole design of the turbine, 
both as to general proportions, mechanical details, and methods of 
construction. 

Water Power. In some localities water power can be produced 
very economically, though in most cases it is advisable to have a 
steam or gas power plant as reserve. 

A water wheel which is widely and successfully used is the Pelton 
wheel shown in Fig. 41. It consists of a cast-iron or steel center, 
to the periphery of which are attached cups or buckets. The wheel 



Fig. 41. Water Wheel. 


is carried on a horizontal shaft, supported by journal boxes. The 
water, being led to the wheel by means of a pipe, impinges on the 
buckets through a nozzle, the end of which is fitted with a cylin¬ 
drical tip of a diameter proportioned to the head of water and 
amount of power to be developed. Different diameters of tips can 
be screwed into the nozzle, thereby varying the power of the wheels 
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to a small proportion of the rated capacity; in this way no more 
water is used than is actually required for the power, and a uni¬ 
formly high efficiency is maintained at all stages of load. 

The power of a wheel does not depend on its diameter but upon 
the head and amount of the water applied to it—in other words the 
size of nozzle used—which establishes the size of bucket on the 
wheel. The diameter of the wheel determines its speed, and, under 
a given head, the number of revolutions at which a certain size of 
wheel runs, should he constant, irrespective of the power developed 
Where a very considerable amount of power is required under a 
comparatively low head a wheel of large diameter is sometimes 
necessary to admit of buckets of proper size, as also the application 
of two or more nozzles, for the purpose of multiplying the power. 

Under certain conditions of head and power turbine wheels are 
used in place of the water wheels. 



CHAPTER III. 


GAS POWER. 

Gas Engines. On account of the higher efficiency of gas engines 
as compared to steam engines it is frequently of advantage, even 
though in chemical factories steam is always available, to use gas 
power. In connection with producer gas the combustion engines 
present the cheapest means of generating power, since in a gas 
producer an efficiency of So per cent., in a gas engine of 26 per cent, 
is easily obtained, so that by this system it is possible to generate 
one horse power per hour from less than one pound of coal. 

While these gas engines are built both in vertical and horizontal 
type, we will describe below only a typical horizontal construction, 
the Koerting four-cycle engine, of which a longitudinal section is 
shown in Fig. 42. 

Cycle. In the well-known Beau de Rochas or four-stroke cycle 
on which this engine operates, three strokes of the piston are em¬ 
ployed for the purpose of expelling the burned gases, drawing in 
the fresh charge of combustible mixture of gas and air and, by 
forcinght under high pressure into the small space afforded by the 
combustion chamber, preparing it to do work on the succeeding or 
fourth stroke. 

Expansion. In the illustration shown, the piston has advanced 
about half way on its power stroke. Ignition of the combustible 
charge effected by a special mechanism described below under that 
head, having taken place just before the crank passes the dead 
center, the high-pressure gas, expanding after having received the 
heat generated by its own combustion, transforms the heat into 
work, which, transmitted through the piston and connecting rod, 
turns the main engine shaft. 

Exhaust. Just before the engine passes the outer dead center 
the exhaust valve shown at the bottom of the cylinder head is 
opened and the pressure at once drops to that of the atmosphere. 
This exhaust valve remains open during the return stroke and allows 
the burned gases to be expelled by the returning piston. The hot 
gases escaping through the valve opening are cooled by water sur- 
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rounding the valve housing and exhaust pipe, which reduces the 
back pressure and tends to silence the exhaust. 

Fresh Charge, As the piston starts on its second out-stroke the 
exhaust valve is closed and the admission valve is opened, allowing 



the piston to suck in a fresh charge of gas and air accurately pro¬ 
portioned—by passing through an outside set valve—to conform to 
the requirements of perfect combustion and maximum economy. 

Compression. On the return stroke both the admission and the 
exhaust valve are closed, and the charge thus trapped in the cylin¬ 
der is compressed by the returning piston to the volume of the 
clearance spaces afforded in the end of the cylinder and the com¬ 
bustion chamber. 
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During compression the temperature of the charge rises very 
rapidly and the limit at which the compressed charge will ignite 
from its own heat is soon reached. 

Since in gas engine practice the economy attained depends upon 
the degree of compression of the charge prior to ignition, modern 
practice demands that compression be carried as high as this igni¬ 
tion temperature will admit. 

Rich gases, or those containing large quantities of hydrogen and 
hydrocarbons, ignite at a lower temperature than '' leaner ” gases, in 
which the percentages of these constituents are lower. As the size 
of the engines increases the cylinder jacket becomes less effective in 
cooling the central part of the mass of mixture. The evil effect of 
these conditions, which tend to produce preignition, is kept within 
bounds by a new system of jackets, through which cold water is 
circulated. This reduces the temperature of the charge, so that the 
comparatively high compression, necessary to high economy, is made 
possible. In order, then, to employ rich gases to their best advan¬ 
tage in medium and large size engines, the Koerting engine is pro¬ 
vided with a specially designed internal water jacket, the cooling 
surface of which may be increased to meet the demand made by gas 
of any composition working in an engine of any size. This device 
consists of a hollow water-cooled cover secured to the back of the 
cylinder head and projecting into the combustion chamber. By 
slightly changing the shape of this casting the cooling surface may 
be varied at will to suit any requirement. This simple device allows 
even the largest engines to enjoy the same high compression as is 
used in the smallest without fear of preignition. 

The incoming gas having passed through a set regulating valve 
in the gas main is supplied to the mixing valve in the proper propor¬ 
tion to insure perfect combustion and consequent maximum efficiency- 

Governing. The combustible complement of air and gas mixed 
according to the requirements of perfect combustion, before being 
admitted to the power cylinder, is made to pass a throttling valve, 
which determines the amount of fuel necessary to maintain the 
required speed for one complete cycle. 

Ignition is effected by an oscillating electromagnet which insures 
a spark of uniform strength regardless of the speed of the engine. 

The transverse section of a Koerting engine is shown in Fig. 43. 
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.engine of peculiar construction is the Diesel engine, in which the 
oil is ignited by highly compressed air without the use of an igniter. 
In this construction a perfect combustion is obtained and one horse 
power per hour is generated from one half pound of oil, while in 
all other oil engines about twice as much fuel is consumed. A 
Diesel engine is shown in Fig. 44. 

Suction Producer. The type of producer which has been found 
to be the best adapted to small and medium size installations is 
known as the suction producer to distinguish it from the form in 
which the gas is supplied to the engine under a slight pressure, and 
which is more complicated on account of involving the use of gas¬ 
holders, boilers and much additional piping. In this form of pro- 



Fig. 45. General View of Suction Producer. 

ducer exterior atmospheric pressure is employed to force the com¬ 
bustible mixture of gas and air into the motor cylinder, a vacuum 
sufficient to overcome the resistance encountered by the gases in 
traversing the generating apparatus being produced by the action 
of the motor piston itself. 

In engines working on suction producers, regulation is effected 
by means of a balanced valve inserted in the main gas supply line 
and actuated by the governor. This device not only controls the 
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operation of the engine, but also that of the producer. In running 
under light load the throttling device allows only a small amount 
of gas to enter the cylinder and the suction on the producer is light. 
When the load increases, however, the throttling is less marked and 
a greater amount of air is allowed to rush through the producer, 
effecting the generation of an increased supply of gas to meet the 
demands made by the engine. The general construction of a Koert- 
ing producer of the suction type is shown in Fig. 45. The plant 



Fig. 46. Sectional View of Suction Producer. 


consists essentially of a generator or producer, an evaporator, a 
scrubber or purifier, and a sawdust purifier. 

Fig. 46 shows the sectional view of a generator and scrubber. 
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form and lined with fire-brick. It is fitted at the bottom with grates 
similar to those in a vertical boiler and at the top with a hopper 
having an air lock through which coal is fed to the fire. 

Evaporator. At each charging stroke of the engine a quantity 
of air and gas is sucked out of the generator and passes through 
the evaporator. This device performs the double function of gen¬ 
erating the steam and cooling the gases, and resembles in form a 
small tubular boiler. The gases, in passing down through the tubes 
of this boiler or evaporator give up part of .their heat to the water 
surrounding the tubes and evaporate sufficient steam to supply the 
generator. The water supplied to the evaporator passes, wherever 
it can be conveniently arranged, first through the water jacket of 
the engine, where it takes up considerable heat. In passing to the 
generator a fixed amount of air is allowed to be drawn in and 
mingled with the steam, thus supplying the oxygen necessary for 
the partial combustion of sufficient coal to maintain necessary gen¬ 
erator temperatures. 

By this arrangement it is obvious that the heat necessarily ab¬ 
stracted from the hot gas on the way to the engine, as well as that 
taken from the heated cylinder walls, is returned to the generator 
in the water and air with which it is supplied. 

Scrubber. The gases generated from ordinary fuels, especially 
from soft coal, are unfit, because of entrained impurities, to be used 
uncleansed within the cylinder of an engine. The amount and 
nature of these impurities naturally vary widely with the kind of 
fuel used, being nil for pure carbon. 

The impurities to be removed from the gas generated from a ton 
of fuel are, for anthracite coal, from one to two pounds of ammonia, 
traces of sulphur and from five to ten pounds of tar, and from 
bituminous coal, from four to five pounds of ammonia, sulphur 
varying from “ traces ” to five per cent., and from ten to twelve 
gallons of tar. 

In the case of suction producer plants using anthracite coal and 
carbonized fuels, such as charcoal and coke, the purifying process 
requires only a washer or scrubber. From the evaporator the cooled 
gas passes through a vent valve into the bottom of the scrubber and 
up through a bed of coke over which a spray of water is continu¬ 
ously running. While passing through this wet coke, the gas is 



54 APPLIANCES OF CHEMICAL AND METALLURGICAL INDUSTRIES. 

further cooled and cleansed of any fine ash or foreign matter which 
it may have carried over from the generator. 

Sawdust Purifier. The gas leaving the scrubber descends through 
a vertical pipe and enters the sawdust purifier. Within the purifier 
it rises to the top through a short vertical pipe, and spreading over 
the entire cross-section of the cylindrical shell, filters down through 
two or more layers of sawdust supported on wooden gratings. The 
size of this cylinder allows the gas to travel very slowly and any 
impurities, such as tar, moisture and dust, not separated out in the 
scrubber are caught in the sawdust beds. 

The comparatively large volume of the purifier also constitutes a 
suction receiver which reduces the pulsating effect due to the suction 
of the engine and makes the pull on the generator practically constant. 

Starting. The plant is started by first building a fire on the grate 
of the generator and charging it with coke or coal, the chimney pipe 
being open and the engine gas pipe closed. Air is forced through 
the generator by means of a small hand blower until the charge is 
well ignited, the vent valve being turned so that the smoke will 
escape to the atmosphere through the chimney. 

When a part of the gas is to be used for heating or other outside 
purposes, the blower or exhauster is placed in the gas main beyond 
the scrubber and so operated as to put the gas under sufficient pres¬ 
sure to force it through the pipes to the place of consumption. In 
this case the vent valve is placed behind the exhaust fan and arranged 
to divert the smoke into the chimney while starting up. The fuel 
having become incandescent up to the bottom of the hopper, the 
passage to the chimney is closed and the gas is tested by igniting a 
small jet from a test cock. If the gas burns with a reddish-blue 
flame not easily extinguished, the valve leading to the engine may 
be opened and the engine started. As soon as the engine has made 
a few revolutions it will pump its own gas, and unless the exhaust 
fan is required to force the gas through an outside system it can 
be stopped. 

When the plant is to be shut down the generator is filled up with 
coal and the vent valve to the chimney opened to a mark which has 
been predetermined to admit the passage of just sufficient air to 
maintain a fire. Opening the vent valve to the chimney closes the 
communication with the scrubber and the gas which it contains can 
be used the next time the engine is started. 
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These producer plants consume only a very small amount of coal 
while the engine is shut down and are much more economical than 
boiler plants which, while the fires are banked and no power is 
being used, aften consume ten per cent, or more of the amount of 
coal required for the performance of their rated capacity. The 
plant after being shut down can be put in operation at full capacity 
in a few minutes and, on account of the heavy bed of burning coal 
carried at all times, meets the requirements of wide fluctuations in 
load with great promptness. In operating small plants it is neces¬ 
sary to charge coal through the hopper only about every two or 
three hours, shaking the fires to break up the bed of coal and remove 
ash, and inspection of the evaporator to see that it is properly sup¬ 
plied with water may be made more frequently. The removal of 
ashes from the water-sealed pit is performed two or three times 
per day. 

Among the numerous advantages possessed by suction producers 
is their low first cost, extreme simplicity, and the fact that being 
operated under slight vacuum any leak will have the effect of draw¬ 
ing exterior air into the apparatus instead of allowing gas to escape 
to the outside, as may sometimes occur in the case of pressure pro¬ 
ducers not under the care of skilled attendants. The steam used 
in these producers, being drawn in by a slight vacuum produced by 
the engine itself, is never above atmospheric pressure and hence 
requires no boiler for holding steam under pressure to operate 
injectors as in the case of most pressure producer plants. 

Pressure Producer. On account of its unusual adaptability to 
varying conditions and fuels and ability to meet varying require¬ 
ments of load, and because gas is easily piped to a distance without 
loss by condensation, the pressure producer. Fig. 47, may be em¬ 
ployed in plants of over 75 horse power. 

The chemical reactions involved in generating gas are practically 
the same for both the suction and pressure producer, the essential 
difference between the two types being in their mode of operation. 
In the former case the gas is sucked from the generating apparatus 
by the action of the engine itself, and in the latter case steam and 
air are forced into the producer by a pressure blower using steam 
from a small auxiliary boiler. This blower not only supplies the 
power necessary to overcome the resistance encountered by the gas 
in passing through the generator and the cleaning apparatus on its 
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way to the gas holder, but also introduces the steam, which through 
decomposition affords a means of controlling generator tempera¬ 
tures and by reducing the quantity of air used greatly increases the 
heat value of the resulting gas. 

In the suction producer, steam is evaporated in a small evaporator 



at atmospheric pressure by the hot gases on their way to the scrub¬ 
ber; in the pressure type the steam is generated at from 70 to 100 
pounds pressure in an auxiliary boiler. The evaporator of the 
suction producer is replaced in the pressure producer by an econo¬ 
mizer which effects a heat interchange between the hot gases leaving 
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the generator and the air entering it. The economizer, like the 
evaporator, is similar in construction to a small tubular vertical 
boiler, and the gases pass through the tubes and the air around them. 

While as yet anthracite coal is the only fuel that has proven 
entirely satisfactory in the suction producer, almost any fuel con¬ 
taining carbon and volatile hydrocarbons can be employed in the 
pressure producer, and any of these gases capable of forming a 
combustible mixture with air can be employed for generating power 
in a properly designed gas engine. 

The gasification of bituminous fuels requires a producer of dif¬ 
ferent construction from the one used for anthracite, as in approach¬ 
ing the incandescent part of the fuel bed tar is liberated, so that 
in an ordinary producer only gas high in tar contents can be gen¬ 
erated. These tarry substances, however, can be decomposed at 
high temperature into hydrogen, carbon dioxide and carbon monox¬ 
ide. If the tarry gases are passed again through incandescent coal 
the tar is destroyed and at the same time utilized by its decomposi¬ 
tion. The simplest way to do this is to connect two or more pro¬ 
ducers, one behind the other, so that for instance the gas generated 
in the first producer, which is charged with green coal is passed 
through the second producer which contains hard fuel or fuel out 
of which the bituminous parts have already been removed. 

An example of such a producer combination is the producer plant 
of Jahns, which is used in Germany for gasifying a low-grade 
residuum of the coal mines containing about 25 per cent, combust¬ 
ible matter. 

For ordinary fuels and small plants, however, this system is rather 
complicated; therefore a different producer construction has been 
devised in Germany for gasifying lignite briquettes, in which the 
gas outlet is provided near the grate. This producer works by 
down-draft and is charged from the top. The tarry gases go 
through the incandescent fuel, whereby the tar is converted into gas. 

More perfect producer plants for bituminous fuels combine prac¬ 
tically two producers into one, i. e., the producer has two “ burning 
layers,” one on top and one on the bottom, the gas being removed 
between the two. The process in its first stage is similar to the 
common retort gas process; the upper layer corresponds to the 
retort; here the tarry matters are driven out and the fuel coked. 
In the lower layer the tar is fixed and the coke gasified. The opera- 



tion is regulated by the quantity of air admitted to each one of the 
two burning layers. The gas leaving these producers is fairly cool, 
so that it is unnecessary to use an evaporator, while with a producer 
for anthracite or coke an evaporator of sufficient size is essential. 

In the Mond producer which is of ordinary construction soft coal 
is gasified for the purpose of recovering the by-products, especially 
the ammonia. On account of the high cost of these plants they are 
only used for very large units. As all the by-products are utilized, 
the gas produced is very cheap. 



CHAPTER IV. 


ELECTRIC POWER. 

As a means of power supply for practically every purpose, the 
electric motor drive stands preeminent. It is without a rival in 
many fields of activity and is rapidly superceding- older methods in 
all classes of service because of certain positive advantages not 
possessed by mechanical methods of power transmission. 

Within the last few years the manufacture of electric motors has 
grown enormously and is to-day one of our largest industries 
devoted to an engineering product. This growth is due entirely to 
the merits of the motors themselves. Where power users have 
investigated the economic features of the electric motor drive, it 
has invariably been adopted. There are many instances where the 
nature of the work or the location will admit of no other form of 
power application, and in the majority of cases, even where the 
circumstances are most favorable to mechanical drives, the electric 
motor presents decided advantages. 

The electric method of driving is particularly advantageous where 
low head room is encountered, since with individual drive there are 
no belts and in the group method the number is greatly reduced. 
Accordingly the obstruction to light is minimized or removed en¬ 
tirely, resulting in better conditions of illuminations, either by day 
or under artificial light, and in better ventilation as well. 

In operation, the electric motor is efficient and consumes power 
only in proportion to the load it is called upon to carry. The fric¬ 
tional and electrical losses in the motor, when operating, are small 
and are entirely eliminated when the machine is stopped. It is ever 
ready to work and will do so greatly beyond its normal rated capac¬ 
ity which is based on operation for a reasonable time. It will 
deliver power for short periods largely in excess of its rated capacity 
without damage and at about the same efficiency as when normally 
loaded. 

Many power distribution problems present difficulties, as, for in¬ 
stance, separate buildings not adjacently located, scattered location 
of the machines in building, the desirability of locating the mill 
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buildings or shops away from the source of power, so that the fac¬ 
tories may be convenient to labor, railroad facilities, etc. These 
conditions are easily met by the use of the electric motor, which is 
an independent unit and may be located wherever found convenient 
—on the wall, ceiling or floor, or best of all, attached to and form¬ 
ing a part of the machine. 

Overtime operation may be easily carried on with economy if 
electric motors are directly connected to the machines, as the power 
is only consumed when the machine is in operation. If the group 
method is employed, a careful disposition of motors and machines 
will eliminate much waste power as compared with mechanical 
systems of driving. 

There are many individual cases where power is required in small 
quantity and intermittently, for ventilating fans, elevators, etc., 
where no other form of power could be used to such great advan¬ 
tage because of the inconvenience of getting the power producer in 
readiness to do the work and because of the attention required while 
in operation. 

There are classes of service where the electric motor is being 
used because of its ease of movement and ease of relocation, as in 
mine work, where it is used for coal cutters, pumps, ventilating 
fans and haulage, the motors often being located thousands of feet 
from the power station. By no other system can work be accom¬ 
plished so effectively, nor the power transmitted with such ease. 
Where conditions as such above noted arise, there is no competition. 

In places where fire risk is ever present, and on account of which 
the buildings must be scattered over large areas, as in powder and 
dynamite works, chemical plants, etc., the electric drive is without 
a rival. Motors may be located wherever desired and power trans¬ 
mitted to them with but a fractional part of the losses occurring in 
other transmission systems. The enclosed or the induction motors 
present absolutely no fire risk. With mechanical drive, overheated 
bearings have often been the cause of disastrous fires. The elim¬ 
ination of belts overcomes this source of danger. 

• The adaptability of the electric drive to difficult or otherwise 
prohibitive power problems is now well established, and its field is 
daily expanding. Furthermore electric drive has been directly re¬ 
sponsible for the creation of many industries whose power require- 
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An analysis of the elements entering into a mechanical power 
application will show that there must be a supply service, which is 
accomplished mechanically by a water wheel, a steam engine or 
gas engine, from which prime mover the power must be conveyed 
to the point of application by belting, ropes or shafts directly geared 
to the prime movers. 

Belts or ropes are flexible factors, which slip, stretch and wear 
out. To render satisfactory service they must be given constant 
attention. They are links which are limited in their capacity, length 
and the direction they may take. When power must be distributed 
over some distance or area, it is necessary to relay, or to interpose 
shafting and belting from the first shaft to the second and so on, 
until the final destination is reached. In each and every one of the 
belt units there is slipping and surging under change of load, which 
results in an irregular speed and the inability to have positive power 
always at the shaft and driven machine. In many classes of indus¬ 
tries an absolutely uniform speed is required for the most successful 
production, which is not possible with belt transmission. In other 
classes of production the machines require a means of adjusting 
the speed as the operation progresses, and this can only be done by 
interposing complicated mechanical speed-changing devices. 

Contrasted with the foregoing conditions, there is in the electric 
drive an absolutely uniform rotative movement in the prime mover 
which is transmitted through the efficient service wires (easily in¬ 
stalled to any required distance) direct to the motor, resulting in 
a maximum of effort on the shaft of the machine without shock or 
vibration. 

Where speed changes are required in the producing machine, 
there can be installed an electric motor, which has characteristics 
enabling its speed to be adjusted to exactly the right condition 
required by the operation being carried out. This adjustment of 
speed is accomplished easily, economically, effectively and with 
positiveness, so that the operator can predetermine the conditions 
and then carry them out with exactness. 

In many operations it is essential that control of the power appli¬ 
cation be had from a distance, and this condition can only be met 
by electric power service, where the motor may be controlled from 
any distance. The instruments under the eye of the operator indi¬ 
cate exactly what is being done by the motor. 
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The electric motor is regularly manufactured in sizes ranging* 
from one twentieth horse power up to those used in steel mills, which 
have a capacity of several thousand horse power. They are made 
of many different speed characteristics, as well as mechanical form, 
so that motors are available for all varieties of service. For in¬ 
stallations, where existing types are not entirely suitable, a motor 
may be made exactly to suit the conditions to be met, either mechan¬ 
ical or electrical. This is possible because the elements of motor 
designs are definite and well understood; therefore a motor may be 
designed whose exact performance under any conditions of opera¬ 
tion can be foretold. 

A crowning feature of the electric motor is that its reliability 
is the same whether large or small and the small unit nearly obtains 
the high efficiency of the large unit. Neither of these features is 
true of steam or other types of engines. 

There are some requirements of service where it is not convenient 
to provide an operator; these conditions are easily met by the elec¬ 
tric motor, since it may be automatically controlled, i. e,, started 
and stopped whenever required. Since motors have no wearing 
parts requiring frequent attention, only an occasional inspection is 
required. 

Electric motors are made in a large variety of sizes, and as new 
fields are developed, new forms and types of motors are made to 
meet them. The speed and operating characteristics of the motors 
are suitable for all character of work, from slow-moving machinery 
to the rapidly revolving centrifugal pump. 

Where electric motors are used, it is no longer necessary to con¬ 
sider the power plant as the controlling factor in an industrial 
works. The building may be located at the point most convenient 
to the labor market, or to the transportation facilities, and where 
light and healthful surroundings predominate. 

The floor space required may be arranged with the single view 
of its suitability to the conditions of the manufacture, and the ma¬ 
chines located so as to be in line with the manufacturing sequence. 

If desirable the works may consist of a number of isolated build¬ 
ings, each so located and equipped that it will be specially adapted 
to the problem of manufacturing only. The producing machinery 
does not require a predetermined location in reference to the power 
supply, and may therefore be placed so as to save labor and time 
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in handling the product, which of course creates additional capacity 
at a decreased operating cost. 

There are in general use two methods of applying electric motors, 
L L, the grouping of certain machines belted to a short-line shaft, 
driven by a motor of just the right capacity, thus limiting the fric¬ 
tion and waste power due to unnecessary shafts and belt transmis¬ 
sion; or by directly connecting the motor to the driven machine and 
driving* power. Each method is very extensively used a.nd the selec¬ 
tion is dictated by the conditions of the problem. 

Where the group method is used the shafts are light, short, easily 
kept in alignment and have much less friction or waste power than 
with the usual mechanical drive; thus the maintenance is less than 
when long shafts are employed.' 

The proper grouping of machines on short shafts driven by small 
motors eliminates many belts necessary in mechanicallv-dhveii 
plants, and permits changes in the location of machines with but 
small expense. 

The most economical, flexible and desirable method from every 
point of view consists in driving every machine by a.n individual 
motor directly connected to it and forming with it a complete unit. 
The advantages resulting from this method are many'* and will be 
found efficient to offset the first cost in a short period. 

Accessibility to machines is an exceedingly important factor in 
saving labor. Where the workman is not hampered by’ belts and 
shafting his work is greatly facilitated. Some machines should be 
located with the length of the works and others crosswise; this 
arrangement can readily be accomplished with electric drive. 

For.group drive the electric motor may be mounted on the floor, 
wall or ceiling with equal success, thus saving space. As it has a 
uniform rotary movement, there are no shocks or vibrations to the 
building structure. 

The service wires used for supplying electric power to the motors 
are relatively of small diameter and easily^ erected. Nfo special or 
heavy supports are required. They may be changed a.nd relocated 
if conditions should demand, and, moreover, it is not laecessary that 
they shall be limited to any predetermined direction or location. 

The rapidly changing conditions of competition demand that new 
methods of manufacture be constantly adopted, and tliat new ma¬ 
chines be installed which often change the regular orcier of manu- 
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facture, making it necessary to rearrange a number of the machines. 
This condition is easily and quickly accomplished if the electric 
drive is used, since little work is required other than the relocation 
of the machines. As there are no line shafts or main belts, they do 
not require consideration as to their capability to supply power to 
the new arrangement. 

Extensions of plants are continually being made, and where the 
electric drive by individual motors is used and the power taken from 
the central station, the problem is reduced to one of floor space and 
machine. The central station will provide the power whenever 
called upon. 

On the other hand, during times of business depression, the proper 
distribution of electric motors enables the manufacturer to decrease 
his power costs proportionately to the work being done. 

Where purchased power is available, it is not necessary that an 
entire establishment be changed from mechanical transmission to 
electrical at once. The plan of transformation can be made and 
then the most wasteful drives superseded at first. The convenience 
and increased economy are sure to result in a speedy transforma¬ 
tion of the rest of the equipment. Many of the large electric 
power installations of to-day had their beginning in the use of a 
few motors. 

In some cases of old-established plants, where the power equip¬ 
ment is well installed and answers the purpose fairly well, electric 
drive has been used as an auxiliary form of power with great satis¬ 
faction. The outlying loads are removed from the mechanical sys¬ 
tem and long lines of shafting are shortened so that the mechanical 
efficiency is improved. 

It is an established fact that under the most favorable conditions 
of service, where the shafting, hangers and belts are kept in the 
best conditions, the friction load is from 30 per cent, to 35 per cent. 
In the great majority of factories the figures are higher and the 
average will be found to be from 40 to 60 per cent. 

It is usual to consider the friction load of a plant as that condi¬ 
tion when all belts are on loose pulleys, and consequently it only 
includes the load of the shafting, the bearing friction, the weight 
of the pulleys and the slipping friction of the belts. 

When a system of shafting and belting is transmitting power, 
the strains due to belt tension increase the bearing friction and the 
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waste power is increased. Friction loads must be considered from 
several view points, i, e., the horse power per lineal foot of line shaft 
and the horse power per square foot of floor space, before an ap¬ 
proximation may be made of the real friction losses, account being 
taken from the load factor of the machines. 

The plant load factor is the ratio expressed in per cent, of the 
actual power used to the total rated power of the motors connected. 
It shows that all the motors are not running at their rated capacity 
all the time. In some classes of work the plant load factors are 
high, as in a textile mill they will probably be 85 per cent. On the 
other hand, the plant load factor in a machine shop will be from 
-S 35 cent., other industries falling between these extremes. 

Considering the case of a mill where the power loads are rela¬ 
tively large per foot of shafting, it will be found that large belts 
are required and that these are apt to cause strains on the shaft, 
consequently a tendency to pull it out of alignment. 

In factories where the machines are scattered much shafting is 
required to furnish power to the machines. In these cases the 
horse power per foot of shaft is low, and therefore the friction loads 
are high. It is always a difficult matter to keep long line shafts in 
sufficiently good alignment to prevent undue friction. 

It is a well-known fact that where mechanical drives, even if well 
laid out, have been supplanted by the electric method of distribution, 
a substantial saving of power has been made. Savings have been 
even made in cases where the losses of the electrical system seem 
to be as great as the no-load friction losses in the mechanical drives, 
a result that indicates an increase in the friction of a system of 
shafting and belting when transmitting load. 

A motor located on the machine to be driven has many advan¬ 
tages, not only direct but indirect, both classes of which result in 
economy, reduce labor and increase output. This means a decrease 
in the cost of the product per unit of output, and at the same time 
an increase in the revenue of the investment in costly machines and 
tools. 

There are no losses in the service line or motor when the motor 
is stopped. When, however, the motor is running, but not called 
upon for power, the combined electrical losses in the motor and 
line are small compared with a system of shafting and belting in 
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operation and ready to supply power, but delivering none to the 
machine. 

This decreased cost will vary with different installations and 
operating conditions, but will always prove to be greatly in the favor 
of the electrical system. 

The ratio of the time a machine is in operation to the possible 
working time is termed the time factor. A low machine time factor 
is an item of great expense, yet it will be found that many machines 
will have time factors as low as 20 per cent, (in some cases even 
less), ranging to approximately 85 per cent, as a maximum of those 
machines of the automatic type or in continuous operation, as in 
textile mills, cement mills, or similar service. 

A motor directly connected to the machine may be started and 
stopped with the machine, thus saving a large amount of waste 
power required to drive idle shafting used to serve the machine. 
The load on the machine is rarely at a maximum, varying in some 
cases from 40 per. cent, to 80 per cent., depending upon the class 
of work, and as the shafting and belting must be of a capacity to 
take care of the maximum load, the friction load is considerable, 
often as much or more than the load of the machines. 

With the direct-connected motor there are no losses when the 
machine is idle, and when in operation the motor requires power 
only in proportion to the actual work being done. The efficiency 
of the electric motor is nearly the same between half-load and any 
overload within its capacity. It is obvious that this nearly constant 
efficiency is a direct gain in favor of the electric system of driving. 

Motors directly connected to machines increase their productive 
capacity, varying with the kind of machine and the class of material 
being worked, but whatever class there is always an increase. 

In some mills every effort is made to keep the speed constant, 
so in mechanical transmission the engineer must be careful to keep 
his engine within one half to one revolution of normal speed. 
Other classes of operations, as in paper making, etc., are dependent 
upon uniform speed. Where motors have been directly connected 
to machines, they apply uniform speed of the same number of revo¬ 
lutions all the time, resulting in an increase in the production of 
the machines. There is no slipping with the electric motor and 
there is no surging in speed as in belted systems. 

By the individual drives the space required for machines is con- 
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siderably reduced, or stated another way, more machines can be 
located in the same space, thus reducing the floor rental charge. 

This condition is due to the better arrangement on the one hand 
and to the fact that provision does not have to be made for belt 
angles, etc. Machines may be located in the center of the aisles, 
which cannot be done with belt drive. 

The arrangement can be changed with ease to suit any new con¬ 
ditions arising, due to changing conditions of manufacture or 
markets. 

The saving in space is a large item and shonkl be given careful 
consideration. 

In nearly every factory some condition arises whereby it is desira¬ 
ble and necessary'to work some portion overtime. Work will get 
out of balance, a rush must be put on some specialty or a repair 
job must be done; in fact, overtime is almost inevitable. It is 
always very expensive, and doubly so, when required in a mechan¬ 
ically driven plant. The shafting and belting must all be kept in 
motion, thus involving the entire friction load of the plant, which 
may be many times that of the actual work being done. With 
individual motor drive the cost of power is only that of the ma¬ 
chines being actually operated, and therefore is that of a fraction 
involved in any mechanical system. The saving in power under 
these conditions will pay a good percentage of the non-productive 
charges. 

With the individual motor drive there are no belts, and conse¬ 
quently no obstruction to light. The dirt which rapidly-moving 
belts always keep agitated is absent, and the ceiling and walls may 
be kept clean, thus better reflecting the light. It is a well-established 
fact that better work can be done by daylight than at night; so also 
can the best work and the greatest quantity be done in a well-lighted, 
well-ventilated and clean factory. The conditions are contagious, 
the men are cleaner by example. Surroundings and environment 
always directly aifect' workmen, and therefore they should be the 
best. 

These advantages may be said to be indirect ones and of doubt¬ 
ful direct value, but as a cheerful man in a well-lighted and clean 
shop can accomplish more at the same time, it is certainly economy 
to provide the necessary conditions to bring this about. Individual 
drive does it in the best manner possible. Motor drive is better 
than the usual mechanical system. 
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Since the number of belts and shafts is lessened in group drive 
and entirely eliminated in the individual method, the danger rxsl< 
to the workman, the fire risk due to hot bearings, and the distribu^i- 
tion of oil over walls, ceilings and floors, due to rapidly-moving' 
belts, are eliminated. 

The care required by the electric drive, either in the group system 
or in the individual method, is less than with mechanical drive. 

The electric service wires do not require any attention whatever, 
and the motors require only an occasional inspection, cleaning and 
oiling. The bearings and commutators of direct-current motors 
are the only wearing parts. The bearings are self-oiling and cona- 
mutators last for years. 

There is no wear in the induction motors except the bearings,, 
and this is reduced to a minimum. 

The efficiency of the electric drive versus that of any other form., 
whether it be gear, rope or belt transmission, depends upon the con¬ 
dition of the problem. The efficiency will vary with the size, typo 
and character of the works, whether they are composed of a singlo 
building or a group of buildings; with the nature of the load factoir 
or the power service; with the load factor and the machine used 
for manufacturing and the character of the product. Almost in¬ 
variably will the electric motor drive show direct economies, bv 
which is meant a decrease in the cost of power. 

In making comparisons of efficiency of one form of drive against 
another, the indirect advantages must be given consideration in 
their proper places. As the electric drive increases production in. 
certain industrial lines, improves the quality of the product in the 
others, decreases the time involved for certain other operations^ 
which means a greater quantity of product in the same equipment, 
these indirect advantages should be capitalized and credited to the 
first cost. In determining relative efficiencies, the broad problem 
should be considered, taking into account all advantages inherent 
in the system, and in determining the efficiency the cost of the prod¬ 
uct per unit output should be the final measure of the efficiency o£ 
any other form of drive. This will undoubtedly show in favor o£ 
the electric drive in various amounts, depending entirely upon the 
nature of industry to which it is applied. 

The use of electric motor drive for distribution of power results 
in the absence of or the elimination of many conditions heretofore 
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absolutely required when a system of belts and shafting is used 
for the transmission of power from a central source. In a factory 
involving but a single building there would naturally be but one 
engine plant from which the power is transmitted by means of belt¬ 
ing and shafting to the various floors. This arrangement usually 
requires a belt tower or racew'ay, either head shafts from wdiich the 
floor belts are taken or extraordinarily heavy main line shafting. 
Frequently right angle drives are required for changing the direc¬ 
tion of the line shafting, and in some cases vertical shafts with 
their attendant difficulties have been used. 

All these expensive, in some cases wasteful, elements in the trans¬ 
mission problems are eliminated by the use of and the proper dis¬ 
tribution of the electric motor. Whatever shafting may be used in 
the electric motor drive is comparatively light and is short in length, 
consequently easy to maintain in alignment, therefore less wasteful 
of power due to friction. Many lighter belts and all of the heavy 
ones are dispensed with entirely, and the heavy supports required 
where large line shafts are involved are eliminated, thus contributing 
to a lighter building construction by the use of the motor drive. 
The dirt, dust, noise and vibration always attending belt and shaft¬ 
ing transmissions is largely reduced or dispensed with entirely. 

The comparison in cost between the installation of a mechanical 
system of belting and shafting transmission and electric power by 
means of properly selected motor units varies with the class of the 
service. As above outlined, there may be reduced cost of building 
construction, and where the horse power per lineal foot of line 
shafting or per square foot of floor space is relatively small, the 
electric installation will compare favorably with that of the mechan¬ 
ical plant. The saving by the use of any improved device should 
be capitalized and balanced against the first cost of installation, and 
if this is done, there will never be any question but that the use of 
the electric motor drive will pay a handsome profit on the in¬ 
vestment. 



CHAPTER V. 


TRAXSPORTATIOX OF SOLIDS. 

Conveying of Materials. Certain physical characteristics of 
materials, while by no means making it impracticable or undesirable 
to handle them by elevators and conveyors, necessitate unusual care 
in the selection of the proper design and manufacture of such 
machines, if they are to prove reliable and durable. 

These characteristics are: sharp cutting edges or joints of coarsely 
broken substances of hard texture ; abrasive dust; stickiness or adhe¬ 
siveness ; moisture; corrosive¬ 
ness ; and these are particularly 
apt to exist with the materials 
handled in chemical and metal¬ 
lurgical establishments. 

For this reason the simpler 
types of scraper conveyors are 
not very generally used, it being 
found better to use some of the 
t}’pes of conveyors which carry 
the material. An exception to 
the foregoing class is the screw 
conveyor, which does push its 
material, although the weight of 
the conveyor itself is supported 
independently of the trough. Even 
with this it is generally necessary 
to use special types of screw con¬ 
veyors designed particularly to 
meet the more difficult conditions. 
Cuts are shown of cast-iron conveyors with cast-iron trough and 
renewable bearings of chilled iron, the flights of the conveyor and 
the trough being of unusual thickness to resist wear, and both 
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For the purpose of clearly defining- the most representative classes 
machines, selections have been made from different types as 
^signed and made by the Link-Belt Company.^ 



Fro. 49. Vertfcal Carrier of the Cradle Type. 


Fig. 48 shows a continuous bucket ty])e of elevator for frangible 
aterial. The face of each bucket, after jiassing over the head 





I'lc. 50 , Screw Cow io-or. 

leel, serves as a chute to direct the flow of the contents from the 
xt bucket. 

Fig. 49 is a view of a vertical carrier of tlie cradle type in which 
Lcling and unloading are automatically accomjdished by means of 

Philadelpliia, Cliicago, Indianapolis. 
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projecting arms or fingers meshing with those of the carrier tray- 
These loading and unloading devices may be fixed or movable, 
the carrying motions up and down may be simultaneous or alternate- 
Fig- 5° shows a screw conveyor with sides made of channel iroia- 
Uther types have sides and cover of heavy, rolled steel plate. 



Fig. 51. Steel Rillgn Screw Coxvevor. 


There is also shown a steel ribbon conveyor ( Fi^^. 51) usually 
made of large diameter so that it may revolve at moderate speeds 
and have comparatively large wearing surface of flight. This con¬ 
veyor is especially adapted to handle materials that would adhere 
and hall up, forming an obstruction at the hangers. 

Fig. 52 shows a water-jacketed ribbon screw conve^^or as used 



Fig. 52. Water Jacketed Ribbon Screw Conveyor. 


in sugar refineries for taking the sugar from the vacuum pans to 
the cr}stallizers, the water-jacketing cooling the mi.xtnre sufficiently 
to assist crystallization.’ 

belonging to the class of screw or spiral conveyors is the paddle 
conveyor, one of the forms being shown in the illustration of a 
sugar mingler (Fig. 
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Fig- 54 gives a comprehensive view of a plant employing- dif¬ 
ferent types of screw conveyors, with which the work proceeds as 
follows : the raw cane-juice, pumped from the purifying- tanks into 



Fig. 53. Sugar Min glee. 


the vacuum pans, is drawn off from these to water-jacketed screw 
conveyor and delivered to the crystallizers. From the crvstallizers 
the plain ribbon screw transfers to ming-lers, which in turn supply 
the centrifugals. The latter discharge to the slat convevor by 
which the crystals are carried to the bucket elevators for delivery 
to the bins. 

Fig. 55: rotary conveyor having internal spiral plates or vanes. 
Largely used for conveying, cooling or drying soda, metallic ores, etc. 

The carrying-conveyors are of three general types: apron con¬ 
veyors, bucket conveyors and belt conveyors. xApron conveyors are 
usually made of steel, though illustrations are shown of niacliiiies of 
wood construction. There is also the corrugated steel apron with 
either shallow or deep corrugations. 

Fig. 56 shows an apron conve3'or, built of heavy overlapping steel 
plates and secured to two strands of special chain supported by self- 
lubricating rollers. This type of machine is extensively used as a 
picking-table and as a carrier for billets and other metallic sub¬ 
stances, either hot or cold. 

Fig- 57- A platform carrier made up of wooden slats attached at 
each end to alternate links of Ewart link-belt. The illustration 
is from a photographic reproduction of a machine installed for a 
large electric storage-battery company to transfer the hot zinc plates 
from the moulds to the saws. Other applications of this type of 
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ars, or cleats, at intervals, which push the load resting against them 
die t3qie used for conveying casks and barrels, see Fig. 58, has the 
ront and back ends of the slats chamfered, which serves the same 
lurpose as the raised cleats emplo}’ed in the machines for lightei 



Fig. 55. Rotarv CoxWevgr. 


ervice. This type of carrier is of great utility where vessel loadini: 
.nd unloading takes yilace: the in-board end is pivoted so that th( 
)orts of the vessel may he accommodateil at various tides. Mei 



I'ic. 56. Apron Conveyor. 


)ush loaded trucks onto the moving platform which makes th 
ransfer to warehouse or ])ier. 

Another form of carrier, in which the travel proceeds in one stir 
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:ace ]ilane, see Fig. 59, has the head and foot wheels set horizontally 
_oading and unloading takes place from the outer sides. The con 
>truction of the machine illustrated, which is in use at the fonndrj 
)f a prominent electrical manufactory, differs somewhat from tin 



Fig. 57. Platform Cakrihr. 


isual arrangement: the plates are attached on the under side tc 
' Dodge ” cable chain (Fig. 70) and supported on the inner end b} 
mall, grooved wheels. The outer end is supported by a larger wheel 
nounted on a swivel truck and running, as does the other, on ^ 



Fig. 58. Carrier for Casks and Barrels. 


r~iron track. The inner corners of the plates are cut off diagonall} 
;o permit free turns around the terminal wheels. 

With the aprons as shown by Fig. 60, the beaded edees. whicl 
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)en ill passing around the sprocket wheels, thus serving t( 
aterial, even when quite fine, without permitting it to fall tl 
id approximating very closely the functions of a true con1 



Fig. 59. Cakkikk TKAVELLixf; in One Surilvce Pl.nne. 


It. The corrugations also assist to greatly stiffen the apron, r 
suitable to handle coarsely broken materials, the individual 
which may be of very considerable weight. Corrugatioi 



Fic. 6o. Aprons. 


able conveyors of this type to operate at inclinations up 
2^rees without the material sliding backward. 

Fig. 6i shows a view of a bituminous coal-conveying outf 
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L'oke plant Cars discharge run-of-miiie through a steel hopper set 
between the rails to a crusher (Fig. 140) from which it is delivered 
to an overlapping pan conveyor for transfer to a continuous bucket 
devator which discharges to bins or pocket. 

In the heavier installations, and particularly where materials of 



I'rc. 6r. BriTLMiNous Coal Conveying Outfit. 


L gritty nature are handled, the chains should be fitted with case- 
lardened steel bushings, on which the rollers turn, and the rollers 
;hould be from two to six or eight inches in diameter and made self- 



Fro. 62. Enclosed-oiliNO Roller. 


lubricating. For the simpler and lighter installations, plain rolls of 
small size, turning on the chain pins, may be used. 

Fig. 62 shows the enclosed-oiling roller, as devised for sure and 
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th an absorbent ring, is charged through oilers fitted with a spring 
p. Pressure from the outside causes this cap to yield; when pres- 
re is removed, the cap springs back into position, and eftectually 
events the oil from escaping and foreign matter from enteiing. 



Fic. 63. Open Top Carrier. 


The ultimate development of the deeply corrugated apron con 
eyor becomes the open top carrier (Fig. 63) consisting of over 
ipping steel buckets or pans rigidly attached between roller chain; 
'hese buckets are usually of very large sizes and capacities, inch 



Fig. 63a. Pivoted Overlapping-iu.tket Carrier. 


ridnal installations showing dimensions of S' X 2' and handling i,C( 
tons per hour. 

?.y suspending the pans or buckets with trunnions between t 
chains so that they always swing freely and in a horizontal positi 
under the action of gravity, a carrier is obtained of very wide ajrp 
cation and utility, designed to lift as well as convey and to folic 
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around the four sides of a rectangle brings the overlapping lips into 
such a position that they interlock and prevent the buckets passing 
from the lower horizontal to the ascending run without interference 
and spilling of the material handled. To obviate this, the most 
approved form of this type of carrier has the buckets suspended 
from projections of the inner chain links beyond the points of 
articulation, see Fig. 64. By this means the buckets travel through 
a longer path in passing around the wheels than do the chains from 
which they are suspended, and thus automatically unlap themselves. 

Fig. 65 shows the horizontal runs of the carrier installed at an 
extensive cement works. Hot clinker is handled at the rate of 
forty tons per hour. 

Belt Conveyors. Belt conveyors are largely used and of much 
service in many places. They consist of a continuous belt, sup¬ 



ported for very liglit service by a trough, but almost universally by 
rollers ])lace(l at intervals of from two and one half to five feet on 
the carrying run, and at intervals twice as great on the idle run. 
The supporting rolls may be plain cylinders such as are used for 
the return run always ; but more commonly to increase the conveying 
capacity without the material spilling over the edges of the belt, the 
rolls are made of such a form that will trough the belt along its 
carrying run. The drawback to the use of belt conveyors is the 
expense of frequent renewals of the belts, the life of which, under 
favorable conditions, hardly reaches, on an average, three years. 
Belts fail from the continuous strain set up between the plies by the 
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the best practice and the greatest economy to trough the belt as 
little as possible. 

The best forms of supporting-rolls are shown in the illustrations: 
Fig. 66 shows the pressed steel roll with bell-shaped ends. This 
provides sufficient trough to resist a tendency of the material to 
spread out sideways and spill off the belt, and the troughing, while 
still so slight, nevertheless, gives the belt a carrying capacity very 
much in excess of that attained in the perfectly flat type. Where 
very large capacity is rec[uired the four-roll support (Fig. 67) is 



Fig. 67. 4-R0LL Support for Belt Conveyor. 


best, as it gives a relatively deep trough without the sharp l)cnds, 
incident to a three-roll support; localized bending of the belt is 
always to be avoided, and the belt allowed to assume as nearly as 
possible a uniform curve. To insure this the belts of greatest dura¬ 
bility are of uniform structure throughout, with or without an extra 
cushion of rubber on the carrying surface, to protect the fabric of 
the belt. Where belts have more plies of fabric at certain parts of 
their structure than others, the bending is localized, and the failing 
tension in the belt sets up internal strains which ultimately separate 
the plies and destroy the belt. 

As conveyors which carry their load, and particularly those which 
elevate as well, are definitely limited in capacity by what the belts 
or buckets can hold without spilling, some means of regulating the 
supply is essential to well-designed machines of this class. For the 
smaller sizes of material a rotary feeder resembling a paddle wheel, 
and with three or four compartments, is used. For the more coarsely 
broken materials the supply is regulated by a small corrugated apron 
feeder (Fig. 60) or by a reciprocating plate (Fig. 68). Both of 
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these devices work beneath the hopper, having an opening of suffi¬ 
cient size to admit the largest pieces without choking—the size of 
the opening, as will be readily appreciated from the diagrams, being 
quite irrespective of the quantity of material it is desired to feed. 
The feeders must extend beyond the natural angle of flow of the 



Fig. 68. Reciprocating Feeder. 


material through the opening, the material thus having no further 
movement, except as imparted to it by the forward travel of the 
feeding conveyor or by the reciprocating motion of the plate. 

The corrugated apron type is employed when the distance between 
the receiving point and the carrier is too long to make the use of the 
reciprocating feeder practicable. The apron feeder materially re¬ 
duces the power required to operate the crusher by giving it a 
uniform load. The successive operations of the reciprocating type 
are shown: the forward movement begins with position A, reaches 
its limit at position B, and at C, the plate being pulled back, the 
material which has just been carried forward, drops into the buckets. 

Conveying and Power-transmitting Chains, The first great 
improvement by which chains were given a broad working field such 
as is now occupied, was in the invention of the “ Ewart ” malleable 
iron detachable link-belt, an illustration of which is given in Fig. 69. 

This form of chain, which was first applied to agricultural ma¬ 
chinery, is still in use in all departments of the conveyor indu.stry, 
principally in the lighter service. Equivalent chains with closed ends 
and pin connections are also used. 

Great convenience is a characteristic of the detachable chain. 
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With it there is no necessity for the tinkering which always accom¬ 
panied the use of the early forms of riveted strap links. It is made 
in different sizes, and there is always a link to fit a link; thus, availa¬ 
bility still gives a distinctive value to the chain which is of world¬ 



wide usage. Present-day practice leads to the use of fewer types of 
chains, each being adapted to a special line of work. 

The “Dodge’’ cable chain, shown by Fig. 70, followed the intro¬ 



duction of the “ Ewart ” and was devised for heavier duty. The 
removable blocks with which the links are fitted, offer large bearing 
surfaces to both links and wheel teeth, and permit the chain to adapt 

Fig. 71. “Monobar” Chain. 

itself to any turn in a vertical or horizontal plane. While given over 
to a wide range of work, the largest application has been in the 
anthracite coal fields and to the “Dodge System” of coal storage. 
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accessible to lubrication, and the bolts are entirely free from wc 
while their roundness prevents clinging or lodging of matt 
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Fig. 72 illustrates a successful chain of the pin-connected type, the 
^ Ley Bushed Chain,exclusively controlled by the Link-Belt Co., 
and used in handling gritty materials, such as ashes, coke, slag, 
cement, sand, etc. Articulation takes place between the pin and 



bushing, both of which are case-hardened and renewable. The out¬ 
side of the bushing is protected by a sleeve which obviates contact 
with sprocket teeth, and by making this a rolling contact, minimizes 
wear on the links and teeth. 

73 illustrates a chain of the roller type such as is used for 
double strand conveying. The construction, as will be seen from 
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the etching, is extremely simple and rugged: the two sides of the 
link telescope into each other and are held permanently in position 
so that the link is practically one piece. This makes a chain, the 
parts of which do not scatter when the pin is withdrawn. 

“ Maximum chain : The most recent form of chain devised for 
extremely heavy duty is shown by Fig. 74. This is a high-grade 



Fig. 81. Type‘‘A’’ Ball-bearing Turn-taele. 


steel chain made np of single and double links, having great width 
of hearing surface and connected by bush-protected steel pins. 
Internal and external wear, while greatly minimized, is distributed 
over the complete bearing area. Combined with the over all width 
of bearing, and structural ruggediiess, the general design indicates 
a chain of extreme power and great durability. The joint connec¬ 
tion is formed of a hollow pin or bushing, which serves as the 
bearing pivot for the chain links, and effectively protects the solid 



Fig. 82. Type Ball-bearing Turn-taele. 


pin which it surrounds, leaving the latter to merely hold the ends 
of the chain together. These ends are so fashioned as to give a 
bearing-surface the whole length of the joint, and thus prevent 
destructive shearing and bending strains upon the pivot pin. As 
this pin turns freely in the bearing, which is packed with lubricant. 
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larger pitch diameter, at the same time maintaining perfect contact 
with the teeth. A detail view of the construction is shown by Fio- 
76; the joint is made up of full-width, case-hardened steel bushings 
and hardened steel pin. This improvement, besides allowing for the 
proper articulation, permits complete rotation of the pin and pro¬ 
vides against uneven wear, though the accuracy of ht minimizes any 



tendency to elongation or wobble. Another favorable point brought 
out is the absence of contact between the links and the pins, which 
relieves the latter of concentrated pressure and eliminates internal 
wear on links. The facility of the chain is indicated because it can 
be run at high or low speeds; will transmit any amount of power; 
can be used on long or short centers ; gives a positive velocity ratio ; 
can be used in hot, damp or cold locations; does not slip ; prevents 
excessive journal friction ; runs quietly. As a substitute for leather 
beltingf and spur sfearing, it has given great satisfaction, superseding 
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both of these to such an extent that its introduction became an epoch- 
making circumstance. 

Fig. 77 shows a drive from an electric motor, the larger wheel 
being constructed as shown by Fig. 78. The spring center which 
surrounds the hub was devised to correct variations in angular 
velocity, and to absorb pulsations or jerk, thus protecting the chain 
from shock 

The roller type of chain, shown by Fig. 79, fills the gap between 
the malleable and the silent chain. With the former it is not advis¬ 
able to exceed a speed of 500 feet a minute, while the latter may 
attain a speed of 1,600 feet a minute, though its economic range is 



Fk;. Sy. Hoist. 


between that and 900 feet. In the construction of the roller chain 
great care has been taken to provide joints of ample area to secure 
low unit pressures while having the roller, bushing, and pin hardened 
to the right extent to give durability without incurring disaster from 
brittleness. The most extensive use of this chain in America has 
been on drives of motor vehicles. 

Complete information regarding both of the foregoing chains can 
be had only from the Link-Belt Company, sole owner of the Amer¬ 
ican rights to manufacture and sale. 

Industrial Railways and Cars. Industrial railway systems are 
of demonstrated convenience. Views are shown of a track system 
(Fig. 80) with ball-bearing turn-table, two types of the latter being 
illustrated by Figs. 81 and 82. 

Fig. 83 shows a side-dump tilting car designed to handle ashes. 

Other Transporting Devices. Fig. 84 shows an installation of a 
Koerting steam jet conveyor, which, by reason of the vacuum created, 
is used to advantage in handling dusty and poisonous chemicals. A 
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is the air admission, B a barrel, D discharge of condensed water, E 
exhauster, EF the suction foot, EH the discharge head, F the filter, 
G a pulverizer, H the suction hose, K discharge from exhauster, M 
muffler, and V steam valve. 

Fig. 85 illustrates a differential block, Fig. 86 the box patent 
hoist. The principal feature of the latter is the use of a right-hand 



and left-hand screw on one shaft, working on two separate wheels, 
instead of two separate right-hand screws working or driving the 
rim of one lift wheel. 

A hoisting installation is shown in Fig. 87. 

Finally we have to mention the hydraulic jacks. Fig. 88 shows a 
type made by the Schutte and Koerting Co., Philadelphia. 


CHAPTER VI. 


TRANSPORTATION OF LIQUIDS. 

For the transportation of liquids a large number of appliances, 
such as injectors, syphons, eductors, air jet lifts, montejus, pumps, 
etc., are on the market According to the nature of the liquid han¬ 
dled these apparatuses are made of iron, copper, lead, bronze, hard 
rubber, or stoneware. Enamel is frequently used as coating. 

Wherever possible acid-proof cast iron should be used. Pig iron 
showing the following analysis, and mixed in the proportions stated 
below, is exceedingly durable regarding the action of acids: 

A. R. c. 

Dark gray. Light gray. Mixed. 


Silicon . 3.5 1.5 0.7 

Manganese . 0.5 0.4 0.2 to 0.3 

Phosphorus . 0.2 0.2 0.2 

Total carbon . 3.8 3.5 3.5 


All three qualities should be free from sulphur. To get the best 
result, A, B and C should be mixed in the proportion 2:1:1. 

Injectors. The Koerting universal double tube injector, which 
is shown in Fig. 89, is extensively used especially for transporting 
water to the boiler. 

B is the discharge; N the lower water nozzle; A\ the upper water 
nozzle; 0 the overflow valve; P the lower steam nozzle; the 
upper steam nozzle; .S' the steam supply; W the suction. 

This injector is a combination of two jets. The lower jet is pro¬ 
portioned for extreme temperature and for quick and strong action, 
which includes maximum high suction. The discharge is into the 
uppet jet where the water receives the additional strong impulse to 
carry it into the boiler. The pressure and volume from the lower 
jet corresponds to the steam pressure, and this is as it should be to 
answer the requirements of the upper or forcing jet. The varying 
volume insures the proper working at high steam pressure as well as 
at low, and increased pressure admits of increased high temperature. 

The self-governing or automatic features are the reason why this 
injector gives the same high duty and works with the same strong 
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and positive action on the v'arying- pressures of steam with hig-liest 
temperature of feed water under pressure or high lift. 

Universal Syplions or Steam Jet Pumps. These apparatuses are 
used for moving water or other liquids, where durability, low cost, 



'.•v 


Fic. (Sg. Double Tube Injector. 

simplicity of manipulation is of importance or where an increase of 
temperature is beneficial. They are made of brass or iron bodies, 
with brass nozzles. 

These syphons are advantageously used for lifting hleacliing 
liquor, milk of lime, water pulp, sugar juice, molasses, chemicals, 
etc. The extreme simplicity of the apparatus and certainty of oper¬ 
ation at all times carry their own recommendation. In the majority 
of applications, where a heating of the liquid is necessary, the 
elevating of the licpiid may be considered an almost costless 
operation. 
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Stoppages in suction pipes, strainer or in the apparatus are 
promptly cleared by providing a shut-off in the discharge pipe, 
which when closed will cause the steam to blow back and clear the 
obstruction. 

Fig. 90 shows an application of these syphons for transferring 



Fig.’ 90. Syphon for Transff-RRing Liquids. 


liquids from pits, in tanneries or chemical works. D is the dis¬ 
charge, E the syphon, and P the pits. 

The most extended application of syphons is found in such chem¬ 
ical industries where, in addition to elevating and moving, a heating 
of the liquids is required- They are also used to advantage in place 
of centrifugal pumps for circulating lyes and extracts, and a slightly 
changed construction is successfully applied for artesian wells. 

For the lifting of acids and other substances that have a corroding 
effect upon brass and iron, the syphons are made of lead, stoneware 
or porcelain. 

Fig. 91 shows the arrangement of a lead syphon. C is the check 
valve, D the drain, F the strainer, 0 the delivery pipe, P the suction 
pipe, R the stop valve, S the syphon, T the tank, V the stop valve. 

No lead burning is required in making connection to the syphon 
as the lead pipe is flanged true and smooth and is fitted to the syphon 
by means of suitable counter flanges. The flanges must be bolted 
perfectly tight and firm that no leaks occur. It is generally to be 
recommended to fix the syphon a foot or two above the liquid, so 
that the liquid has to be drawn up, and the syphon empties itself 
when not in operation. The steam pipe connection should be blown 
out with high pressure steam before connection is made to the 
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syphon. When there are lumps or floating particles in the supply, a 
strainer should be attached to the suction pipe. The syphon works 
best under certain conditions at a certain steam pressure, which has 
to be found out by throttling the steam. Therefore when such a 
syphon is installed it should be arranged as shown in the cut. 

Valve V is throttled to the most favorable steam pressure and 



locked in that position. Valve R is used for operating the syphon 
only. Before starting the syphon, valve D should be opened in 
order to draw ofif condensation. Care has to be taken that no traps 
occur in the delivery pipe and that the suction pipe is perfectly 
air-tight. 
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Air Jet Lifts. Air jet lifts are simple and efficient means for 
lifting liquids by means of compressed air, especially in places where 
piston pumps or steam jets cannot be used. The working of the air 
jet lifts is as follows: Air is pressed into the lower end of a sub¬ 
merged pipe. The air mixes with the water inside the air jet lift, 
forming a mixture of air and water, the specific gravity of which is 
lighter than water; thereby the column consisting of air and water 
is driven upwards. In other words, the apparatus works through 
the difference of specific weight of the two columns. 

The arrangement, as shown in Fig. 92, consists of the discharge 



pipe W, the air pressure pipe A, and the apparatus proper 7. The 
discharge pipe may be any kind of pipe which discharges the water 
freely, so that the water can get rid of the air. 

The apparatus is so constructed that the air is distributed as 
uniformly as possible over the area of the water discharge pipe. 
In cases where the machine is put in a well there is usually provided 
a strainer on the inlet of the apparatus. In cases where the water 
is carried to the machine by means of a pipe, the connection of the 
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apparatus is made by means of an elbow. The discharge pipe and 
the air pipe are placed as close together as possible, so that the 
apparatus can be installed in narrow wells. 

The apparatus is to be installed as deep under the level of the 
liquid as corresponds with the height of lift. To operate the appa¬ 
ratus it is only necessary to open the valve in the air pressure line, 
and the regulation of the quantity of liquid is done by increasing 
or decreasing the quantity of compressed air. 

Besides the application of lifting water from wells by means of 
compressed air, these jets are used extensively in the chemical indus¬ 
try for handling acids, alkalies, etc., necessitating the use of such 
materials as lead, porcelain, stoneware, rubber, etc., which cannot 
be used to advantage in pumps with movable parts. The air jet 
lift provides the means to overcome this difficulty, as it can be made 
of any material. The advantage which this apparatus has, com¬ 
pared with lifts used in the chemical industries, such as acid eggs 
or monte jus, is especially that it works continuously as long as com¬ 
pressed air and liquid are carried to the apparatus. Further one is 
enabled to exactly regulate the quantity required for a given time 
by regulating the quantity of compressed air. Further advantages 
are that it occupies little space and can be easily erected in sulphuric 
acid plants at the foot of the tower in ordinary sewer pipes, which 
are sunk in the ground according to the height of discharge. The 
apparatus throws the acid directly in the interior of the Glover and 
Gay-Lussac towers by letting the discharge pipes extend through 
the top of the towers. By arranging a plate inside, against which 
the acid is forced, the ordinary distributors on top of the tower are 
eliminated in a satisfactory manner. The acid air lift uses less 
compressed air than the acid egg and can be made of suitable mate¬ 
rial. For lifting sulphuric acid it is made of lead; for lifting con¬ 
centrated acid, of cast iron; for nitric acid, of stoneware. 

Automatic Montejus. This apparatus, in which also compressed 
air is used for lifting a liquid, is extensively applied in acid works, 
especially in the form shown in Fig. 93. In this type the liquid has 
to run to the machine by gravity, entering at A through a check 
valve. We assume that the tank is empty and that the full w^eight 
of the lower float B keeps the exhaust valve open, so that the 
liquid can freely run into the tank. The liquid rapidly covers the 
lower float B, but the buoyancy thus started is not sufficient to open 
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the air valve. This is accomplished when the liquid reaches the 
upper float C. The combined buoyancy of both floats shuts the 
air exhaust valve and opens the compressed air inlet, the liquid 
being now discharged through the check 
valve and the discharge pipe. The level 
of the liquid drops now rapidly under the 
float C, but the weight thus exerted is not 
large enough to shut the compressed air 
inlet valve. This is accomplished after the 
liquid has dropped below float B, the weight 
of the floats being now sufficient to shut the 
air inlet valve, and to open the air relief 
valve. The conditions are now again the 
same as when starting and the same opera¬ 
tion is repeated. These acid eggs are made 
in the following styles: entirely of cast iron ; 
lead lined, and entirely of copper. 

Water Jet Eductors. This apparatus, 
which, as also the injectors and syphons 
shown, is built by the Schutte and Koerting 
Co., Phila., is used to lift liquids by means of 
water having a high pressure, for instance, 
for draining cellars, or washing the filter 
sand in water works, to sink shafts in min¬ 
ing regions where high pressure water is at 
disposal and in places where, on account of 
insufficient space, a pump cannot be in¬ 
stalled. The actuating water can either be 
taken from a local source, such as water 

works, natural water sources, etc., or can 
Montejus. . 1 1 

be supplied by pressure pumps. 

The motive power of these pumps is pressure water passing 
through the apparatus with great velocity. This creates a vacuum 
and sucks in the water to be lifted, which is then carried along with 
the pressure water to the discharge outlet. Fig. 94 illustrates one 
of these eductors. A is the eductor, Z is the height of lift. 

These pumps have the following advantages: They have no 
valves and no moving parts; they are not subject to wear and tear ; 
they cannot get out of order; they are noiseless in operation; they 
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are the simplest and the most convenient apparatus, when high 
pressure water is at disposal. 

Pumps. Another class of appliances for transporting liquids is 
the one operated by mechanically-driven machines, called pumps, in 
which the liquids are lifted by suction and then transported by 
pressure. 

The pumps can be driven by’ steam, compressed air, electricity, 



gas power, hand, etc. Steam pumps are extensively used, as they 
can be located at any place desired. Fig. 95 shows the well-known 
Worthington type. Fig. 96 a Goulds vertical triple.x single-acting 
power pump. These two types are so well known that a detailed 
description in this place seems to be unnecessary. 

A type of pump which is now coming more and more into use, 
as the absence of valves in them is of great advantage for convey¬ 
ing heavy liquids and liquids containing sand, etc., is the centrifugal 
pump. This ty’pe is built in two constructions, the volute and the 
turbine. In the former the water is discharged into a volute or 
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spiral-shaped discharge chamber which terminates in the discharge 
pipe. In the latter type, diffusion or guide vanes are arranged in 
stationary passages around the circumference of the impeller to 



Fig. 95. Steam Pump. 

direct the flow of water and reduce its velocity as it leaves the 
impeller without waste of energy. The turbine pump is peculiarly 
well suited for high pressures, as two or more impellers may be 
mounted on one shaft and enclosed in one case, the water being 
delivered from the diffusion vanes of one stage to the impeller of 
the next stage; the discharge pressure or head being the sum of 

the heads produced by all the impel¬ 
lers. . As there is practically no limit 
to this compounding, the turbine 
pump may be built for any de¬ 
sired pressure ; and with proper de¬ 
signs and construction in multi-stage 
pumps, the end thrust may be prac¬ 
tically overcome. Limit of capacity 
is fixed only by the limit of pip.e 
sizes and sizes of passages in the 
pump; hence centrifugal pumps 

. may be built to handle quantities of 

Acting Pump. . ^ 

water far in excess of those com¬ 
monly handled by direct-acting pumps. The centrifugal pump is 
equally well suited for handling small quantities of water. 

Referring to Fig. 97, which shows a Worthington turbine pump, 





transportation of 
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to the point of discharge is the most direct possible, which is a 
feature of great importance. 

After leaving the suction opening, the water enters the impeller 
through an annular opening of ample area, and directed by- the 
vanes is discharged at the desired velocity at the periphery of the 
impeller. The velocity of the water, which is highest at this point, 
is now gradually reduced by means of dififusion vanes designed in 
such a manner as to convert the velocity head of the water into 
static pressure with the minimum frictional loads. If the pump has 
only one impeller, the water on leaving the diffusion vanes passes 
into the discharge casing and thence to the delivery pipe. Fig. 97, 



however, shows a multi-stage pump, and in this case the water 
leaving the diffusion vanes of the first impeller passes in the most 
direct manner possible through the intermediate casing into the suc¬ 
tion opening of the second impeller, this operation being repeated 
as often as is necessary to procure the final delivery pressure. 

A new kind of turbine pump is the twinvolute,'’ which is built 
by Watson-Stillman Co., New York. These pumps are small, com¬ 
pact, heavily constructed, have but few parts, are subject to little 
wear and are highly efficient in operation. When the head is low 
the single-stage pump, which is provided with but a single revolving 
wheel, is used. As the head increases, the multi-stage pump, in 
which two or more impellers are used, is necessary. These pumps 
are built either horizontal or vertical, and they may be operated by 





TRANSPORTATION OF LIQUIDS. 


105 


and consists of two similar castings which, when fastened together, 
form the case or shell in which the impeller rotates. The water 
enters through the flanged Y branch into the impeller eye equally in 
amount at the center and on each side. The pump body also car¬ 
ries the flanged suction and discharge openings, the shaft bearings 
and stuffing boxes. The shoulder of the pump body is held by the 
hood of the bedplate, which insures a good alignment and secure 
hold. By simply loosening a bolt the entire pump body may be 
placed in any desired position. The shaft is keywayed to receive 
the impeller and half coupling. 

The water enters the suction opening A and passes in equal vol¬ 
umes through the Y branch channels to the inlet openings at the 
center on each side of the impeller B. Passing through the eye B, 
the water comes in contact with the arms C, which, when revolving, 
impart velocity to the water. Passing through the tips at the open¬ 
ings D, the water comes in contact with the diffusion vanes E, 
which change the kinetic energy of the fluid into pressure, gradually 
and without shock. The water enters the twinvolute chamber F 
and is discharged at G. 



CHAPTER VIL 


TRANSPORTATION OF GASES. 

Wherever an admixture of steam to the gases to be conveyed is 
not objectionable, steam jet blowers, steam jet exhausters and steam 
jet ventilators are the most convenient apparatus that can be used. 
These three types are built by the Schutte and Koerting Co., 
Philadelphia. 

The variety of application and the corresponding difference in 
the proportion of these instruments is without limit, depending on 
the variation of volume and counter pressure or the degree of rare¬ 
faction to be overcome. The limit of rarefaction is 25 inches of 
mercury, and the limit of counter pressure one seventh of the steam 
pressure of the actuating jet. 

By regulation of the area of the actuating jet, as also by the 
regulation of the steam pressure, a variation within certain limits 
in the capacity and the general effect of the.same instrument can 
be effected, so that instruments of certain sizes and dimensions can 
by a proper adjustment be made to be correct and most effective on 
varying conditions and for various purposes. 

These air and gas blowers and exhausters are divided into two 
classes: 

1. The machines for the purpose of overcoming a certain low 
counter pressure or rarefaction of, say, from to 6 inches of water, 
which attain the desideratum of extreme volumes, are called blow¬ 
ers and ventilators. 

2. Machines for the purpose of overcoming a high counter pres¬ 
sure, up to one seventh the steam pressure, or exhausting against 
a higher rarefaction of from 10 to 25 inches of mercury, attaining 
the desideratum of extreme pressures, are called compressers and 
exhausters. 

Steam Jet Blower. Fig. 99 shows the steam jet blower with 
spindle. A is the air inlet, R the regulating spindle, v? the steam 
connection, M are the nozzles. To obviate or reduce the noise 
caused by the action of the blower, an air conduit C, as shown in 
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straight up to or extending through the roof of the respective room 
to the outside. When this blower is used for blowing, attachment 
is made to bottom flange. When used for sucking, attachment is 
made to top flange. It can be placed vertical or horizontal. 

The steam jet blower is effectively used in boiler firing for pro- 



Fig. 99. Steam Jet Blower. 

ducing a blast perfectly under control and at the least expenditure 
of steam. For small size and low grade fuels, and for furnaces 
with insufficient draft, this system is highly to be recommended. 
The blower also provides a means of forcing boilers to an evapora¬ 
tion beyond their rate of capacity, thereby obviating the necessity 
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of supplementary boilers in a case of emergency, which is especially 
desirable where boilers are used for short seasons onlv. 


The application of this blower for transporting the air of com¬ 
bustion and steam to a producer is shown in Fig. loo. T is the 



Fig. ioo. Steam Jet Blower Con- Fig. ioi. Obviating Noise of 
NECTED to Producer. Steam Jet Blower. 

steam valve, B the air inlet, 0 the fire door, P the producer, F the 
hopper, G the gas outlet. 

Fig. IOI shows the arrangement of an air conduit C to obviate 
or reduce the noise caused by the action of the blower. 

Fig. 102 shows the application of a blower as ventilator. In this 



Fig. 102. Blower as Ventilator. 
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case the moving^ power is also a steam jet issuing from a nozzle, 
which, traversing others of larger diameter, draws the air and car¬ 
ries it along, imparting a certain velocity to same. Foul air to be 
removed may be drawn through pipes and conduits from any local¬ 
ity or forced to wherever required. In the illustration shown the 
foul air enters into pipe A and leaves through pipe D. F is a steam 
jet blower, S is the steam valve. 

This system can be applied for ventilating mines, shops, snips, 
etc. Also for temporary work, such as during the sinking of shafts, 
deep wells, etc., and also for removing the vapors from drying 
rooms. The steam jet blower is also applied to Cowper stoves to 
draw air through for cooling them down rapidly, when operations 
are discontinued. 

Chimney Ventilators or Blast Nozzles. These instruments are 
also operated by the steam jet and are successfully used for im¬ 
proving the chimney draft in industrial furnaces or ovens. They 
belong to the class of jet apparatus, which have a series of nozzles 
of increasing areas, in which the motive power of a small jet of 



steam is thoroughly utilized, to move the gases to be dealt with. In 
the proper construction of the nozzles is to be found the reason 
of these ventilators combining satisfactory results with greatest 
economy. 

Fig. 103 shows a nozzle attached to the stack of a heating or 
puddling furnace for increasing the draft. For this purpose these 
ventilators must be placed in the middle of the chimney, just above 
the entrance of the main flue. All sharp corners at the entrance 
of the main flue into the chimney must be beveled at an ang;le of 
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the main flue upon a brick foundation covered with a cast-iron 
plate. The ventilator is fixed upon this plate with the flange of its 
largest nozzle. Before connection is made, the steam pipe must be 
thoroughly cleaned out with high-pressure steam, to prevent dirt 
or grit getting into the nozzles of the ventilator. This apparatus 
does not need any steam, when the fire is being started. To stop 
the action of the ventilator the steam valve is closed. These nozzles 
are also made of lead. 

Steam. Jet Exhausters. For the chemical and metallurgical in¬ 
dustries the lead exhausters of this type are of the greatest interest. 
They are constructed with side inlet for gas, and removable end 
covers to facilitate the removal of inside parts without disturbing 
connections. To give strength and wear to the steam nozzle it is 
lined with platinum or other desirable metal, or with hard rubber, 
to suit requirements. 

Fig. 104 shows an application of this apparatus for moving gases. 



A is the steam supply pipe; B the lead exhauster and blower; C the 
gas supply pipe; R is the chamber to which the gas is transported. 

Fig. 105 illustrates the application of an exhauster of this type in 
the manufacture of a solution of sulphurous acid. E is the ex- 
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hauster; F the sulphur furnace; G the tank. The admissible 
vacuum and counter pressure to which this apparatus is constructed 
is a rarefaction up to 20 inches of mercury or a counter pressure 
up to one seventh of the steam pressure. These exhausters may be 
placed horizontal or vertical, discharging upwards, downwards or 



Fig. 105. Application of Steam Jet Exhauster. 


horizontally. Traps in both the suction and discharge pipe must 
be avoided. 

Gas Montejus. A gas compressor with liquid piston, which is 
built by the Schutte and Koerting Co., Philadelphia, Pa., and is con¬ 
structed on the same principle as the automatic montejus, of which 
a detailed description is found in the chapter '' Transportation of 
Liquids,’'" is illustrated in Fig^. 106. As this apparatus can be built 
of lead, cast iron or any suitable material, it is especially adapted 
for the compression of such gases which attack the materials used 
in the ordinary compressors. 

Steel-plate Fans. These fans are usually used where it is desired 
to handle large volumes of air at a moderate velocity, as a rule not 
exceeding oz. per square inch pressure. They are designed to 
deliver a maximum amount of air with a minimum expenditure of 
power. Upon the design of scroll of the housings and the relative 
proportions of the blast wheels, together with its form, depends not 
only the amount of air per horse power the steel-plate fan is capable 
of delivering, but its quietness of operation. Inlets and outlets of 
a fan play a most important part in the question of economy of 
power. It will be readily seen, therefore, that it is a matter of vital 
importance that these details be perfectly in proportion. The stand¬ 
ard proportions of steel-plate fans described below, which are manu- 
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factured by the Buffalo Forge Co., Buffalo, N. Y., have been adopted 
as the outcome of a series of experiments extending over a number 
of years with machines in actual use. 

These steel-plate fans are built of homogeneous patent leveled 
and rolled steel sheets, free from buckles and of the greatest stiff¬ 
ness. The fan cases are rigidly stayed by angle irons to prevent 
vibration. Base angle iron foundation frames are supplied. The 



Fig. io6. Gas Montejus. 


bearing brackets are bolted to heavy steel angle irons and the bear¬ 
ings are swiveled to prevent springing of the shaft when the ma¬ 
chine is bolted to a defective foundation; they are equipped with 
ring oiling bearings, having large wearing surfaces lined with genu¬ 
ine babbitt. The shafts are of cold rolled steel of large diameter. 

These fans are regularly built both right or left hand, and to 
deliver air in any of the following forms: bottom horizontal, top 
horizontal, up blast and down blast. They may be readily furnished 
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n all sizes to discharge in any one or two angles to suit all condi- 
:ions of application. A very simple solution to an otherwise diffi- 



Fig. 107. Pulley Driven Steel Fig. 108. Special Discharge Fai 

Plate Fan. with Double Acting Engine. 


cult problem is often found by using a special double discharg' 
fan (Figs. 107, 108, 109). 
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Acid-proof Fans. In case it is desired to handle gases with the 
steel-plate fan, which not only must not escape even in small quan¬ 
tities, but which will have a chemical action on the fan itself, a lead- 
lined steel-plate blower or exhauster is made by the Buffalo Forge 
Co. with a cast-iron blast wheel and having flanged outlet and inlet, 
together with a packed shaft, to insure an absolutely tight outfit. 
This type of machine is illustrated in Fig. no. For strongly acid 



Fig. 110. Lead Lined Gas Exhauster. 


gas a cast-iron gas exhauster (Fig. no A) is built by the same 
firm. 

A rotary lead fan, which is built by the Schutte and Koerting Co., 
Philadelphia, is shown in Fig. in. An installation of this machine 
at the head of a system in a sulphuric acid plant is illustrated in 
Fig. 112. 

All of these acid-proof fans and exhausters are essential for instal¬ 
lations where a regular and constant draft is to be maintained under 
all conditions. 

Steel Pressure Blowers are designed and built by the Buffalo 
Forge Co. to withstand the strains of high-pressure duty. For sup¬ 
plying blast to cupolas, furnaces, forge fires, sand-blast machines, 
and for any work where air is to be forced for a long distance, as in 
pneumatic-tube systems, their utility needs no demonstration. 

The manner in which these blowers are constructed, and in which 
the bearings are affixed, adapts the machine for standing up under 
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continuous high-pressure service. A distinguishing feature of the 
construction is the solid peripheral shell, with the side plates securely 
fastened thereto. This allows a tight fit to be made, resulting in a 
blower of maximum strength and rigidity, greatly superior to those 
formed with a central putty joint. The long, adjustable bearings, 



Fig. iioa. Cast Iron Gas Exhauster. 


of the standard Bufifalo oil-ring type, are so carried as to preclude 
any possibility of incorrect alignment. 

Buffalo Compound Turbine Blowers. Though the scheme of 
compounding two or more stages in centrifugal pump design has 
been commonly resorted to by manufacturers to effect reduction in 
peripheral speed the idea has not been applied—in more than an 
experimental way at least—to centrifugal blowers. The principle 
of the design which allows a culminative pressure to be effected at 
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and peripheral speed a fan will accomplish a certain number of 
ounces increase in pressure between the inlet and that in the dis¬ 
charge pipe. With two stages and a given diameter of wheel double 
the pressure can be obtained with the same speed necessary with only 
a single stage and blast wheel ( Fig. 113). 

B ” Volume Blowers and Exhausters. This type of blower is 



Fig. III. Lead Lined Fan. 

designed for larger capacities at lower pressures than the steel pres¬ 
sure blower. It makes a neat, compact, strong and highly efficient 
machine for installations where large capacities and small pressures 
are required and yet where a well designed steel-plate fan would be 
found to have too large a capacity. The more important uses are 
in forge shops, and supplying forced draft for boilers. The ex- 
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nlet meet the requirements of small outfits for the rcmo\ 



from emery wheels, huffing wheels, or the machines of 
processes, also for removing smoke in forge shops. 



Fig. Compound Turbine Blower. 
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The general design is the result of long experimenting to deter¬ 
mine the most efficient form and the structural details conforming 
to the highest standard of machine-shop practice. To the solid 
outer shell, which carries likewise the discharge orifice, are securely 
bolted two side plates, in which are formed the inlets or the inlet 
as the case may be. The bearings, which are so affixed as to insure 
perfect alignment, are of the standard Buffalo ring-oiling type, the 
excellent design of which enables the blowers to be run at continuous 
high speeds with but very little attention. 

Where it is necessary to have an absolutely tight blower or ex¬ 
hauster, such as when handling gases, the Buffalo B ’’ volume 
blower is fit with flanged connections and packed shaft, as shown in 
the illustration (Figs. 114, 115). 

Buffalo steel-plate planing mill exhausters are constructed of heavy 



Fig. 114. Standard B Volume Blower. Fig. 115. “L. P.” Gas Exhauster. 


steel plate, firmly braced and stiffened with angle irons. A heavy 
cast-iron pedestal entirely independent of the fan shell carries ihe 
pulley wheel and the improved ring-oiling bearings. These fans, of 
course, are built as exhausters, or in other words, with a single inlet 
orifice and overhung blast wheel. The latter consists essentially of 
a cast-iron hub, wrought-iron spider arms, conical side plates and 
steel-plate blades with backwardly curved tips, and is built with the 
greatest rigidity. When the material to be handled contains shav¬ 
ings of a long stringy nature, it is customary to provide a blast wheel 
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haiist fans for handling the refuse from emery grinding are built 
with wheels and shell of extra heavy material. 

As indicated by the name of this special type of steel-plate fan, the 
most common application is for the purpose of exhausting shavings, 
sawdust and refuse from wood-working machines of all types. 

For the purpose of exhausting the dust from emery wheels, 
buffing wheels and from the machines employed in various abrasive 
processes, the Buffalo steel-plate planing mill exhaust fan is of the 
greatest utility. In the special case of emery exhausting, both the 
blast wheel and fan are constructed of heavy stock, in order to with- 



Fig. ii6. Steel Plate Planing Mill Exhauster. 

stand the wearing effect on the same. In no case should the same 
fan be employed to handle refuse from buffing machines and emery 
wheels. 

These exhaust fans are frequently employed in forge shops in con¬ 
junction with the Buffalo down-draft system of forge construction 
for the purpose of withdrawing the smoke and gases. In this sys¬ 
tem, all the piping, both blast and exhaust, is placed underground, 
affording practical indestructibility. Still another application that 
may be noted is the handling of cotton, wool and other textiles, as 
well as spent tan-bark in tanneries. The installation of such fans 
for the purpose of elevating and conveying cotton often proves of 
the greatest convenience and saving. Other uses of the same nature 
there are, too numerous to be mentioned here (Fig. ii6). 

Ventilating. Buffalo disk wheels are the product of a demand 
for a simple yet effective means of ventilating, cooling and drying 
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The form of the Buffalo disk-wheel was adopted after exhaustive 
experimenting to determine the most efficient pattern, and as a direct 
consequence of this the power consumption for moving any giv^cii 
volume of air is a minimum for this style of fan. The circumfei‘” 
ential scroll is of heavy steel plate, reinforced with cast-iron 
and brackets supporting the two bearings. These are of amj^lv 
length, lined with the best babbitt and furnished with adec|cin-tc! 
lubricating devices. The steel-plate fan blades are bolted to llic 
wrought-iron spider arms, which in turn are rigidly fastened to tlic 
cast-iron hub. An accurate running balance of the wheel, as wc 11 
as perfect rigidity of the whole machine, are features of importance-. 
The high standard attained by Buffalo disk wheels is due, therefore, 
to perfection of design, material and construction. 

These disk wheels deliver air 



in a direction parallel to the axis 
of rotation and are unexcelled 
for all situations to which this 
type of fan is adapted. Among 
other applications, Buffalo disl< 
wheels are widely used for ven¬ 
tilating. In addition to such use 
in all manner of buildings, these 
wheels have proved theniselve.s 
of the greatest value to numerous 
industries, and indeed the variety 
of service to which they may be 
put is almo.st endless. In all 


cases where it is desired to effect 
a movement of air or vapor at moderate velocities with a minimum 
expenditure of power, Buffalo disk wheels will be found to fully 
meet every requirement (Fig. 117). 

Air Compressor. A very important appliance for conveying air 
or other gases at atmospheric or higher pressure is the air com¬ 
pressor. For heavy duty the “ straight line ” type of machine which 
IS built by the Ingersoll Rand Company, New York, is successfully 
used. It embodies the following features: positive movement of the 
air valve; cold intake air; cooling by complete surface jacketing; 
small clearance spaces; automatic regulation of speed and air pres¬ 
sure; high rotative speed; large bearing surfaces for shaft, crank 
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pins and cross head; automatic and copious lubrication of every 
bearing surface. Fig. ii8 shows the details of the piston inlet air 
cylinder of this machine. A is the circulating water inlet; B the 
circulating water outlet; C the water jacket drain pipe; D the oil 
hole for automatic oil cup; E the air inlet; F the air discharge; G 
the piston inlet valves; H the discharge valve; J the water jacket. 
Cold air is always passing through the ports, the tube is part of the 



r 

Fig. ii8. Details of Piston Inlet Air Cylinder. 


time outside, always surrounded by water-jacketed packing. Only 
the skin surface of the solid entering air body comes in contact, and 
then only for one fourth part of a second. Hence the tube, the 
piston and the valve are kept cool. 

Vacuum Pump. For the operation of vacuum evaporators, vacuum 
dryers, etc., the proper construction of the vacuum pump is of 
importance. A vacuum pump is really an air pump and differs only 
from an ordinary air compressor which compresses from atmos¬ 
pheric pressure to some higher point, in that it begins at say 28 
inches of vacuum and compresses to atmospheric pressure. To 
insure the opening of the valve at the proper time and to permit a 
relatively high speed of rotation the valve has to be mechanically 
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Operated. A sufficient cooling by means of water jackets is also 
importance. Fig. 119 shows a vacuum pump built by the Alber^<^^ 
Conderser Co., New-York, in which all possible loss by frictioi'i 
avoided and the ports and passages made especially large and direet. 
The detrimental influence of the clearance space is nicely prevented 



y the use of an equalizing port in the body of the mechanically 
operated valve, which, when the piston is at the end of the stroke 
connects the clearance space in front of the latter, with the cylinder 
space behind It The piston, on reaching the end of the stroke, has 
n front of it that air at atmospheric pressure which has not been 
discharged during the stroke through the outlet valve. By means 
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of the valve arrang:ement mentioned, however, the enclosed air is 
removed into the clearance space "before the piston begins its return. 
stroke, whereby the efficiency is greatly increased. For producino* 
the highest possible degree of vacuum two-stage vacuum pumps 
are used. 

Positive Pressure Blower. For transporting large quantities of 
air at high pressure the positive pressure blowers are widely used in 
the chemical and metallurgical industries. Fig. 120 shows a machine 



built by the Coiinersville Blower Company. In these types the air 
is enclosed by the motion of the impellers into a space formed by 
the impellers and the casing, and is transported to the outlet opening. 
The working of this machine is so simple and is so well known that 
a detailed description is not necessary. 

Chimneys. Chimneys are required for two purposes : First, to 
carry off ohnoxious gases; second, to produce a draft, and so facili¬ 
tate combustion. The first requires size, the second height. 

Each pound of coal burned yields from 13 to 30 pounds of gas, 
the volume of which varies with the temperature. 

The weight of gas to he carried off by a chimney in a given time 
depends upon three things—size of chimney, velocity of flow, and 
density of gas. But as the density decreases directly as the absolute 
temperature, while the velocity increases, with a given height, nearly 
as the square root of the temperature, it follows that there is a 
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temperature at which the weight of gas delivered is a maxin^ 

This is about 550° above the surrounding air. Temperature, 
ever, makes so little difference, that at 550° above, the quant 
only four per cent, greater than at 300°. Therefore, height and xxroa 
are the only elements necessary to consider in an ordinary chix-xxiTC‘yN 

The intensity of draft is, however, independent of the size^ ^unl 
depends upon the difference in weight of the outside and 
columns of air, which varies nearly as the product of the height i 
the difference of temperature. This is usually stated in an eqxi i 
lent column of water, and may vary from o to possibly two incheF^- 

After a height has been reached to produce a draft of siiffici<^^^t 
instensity to burn fine, hard coal, provided the area of the chimneys 
is large enough, there seems no good mechanical reason for adcliih^ 
further to the height, whatever the size of the chimney reqni 
Where cost is no consideration there is no objection to building 
high as one pleases; but for the purely utilitarian purpose of 
making equally good results might be attained with a shorter cHim- 
ney at much less cost. 

The intensity of draft required varies with the kind and condition 
of the fuel and the thickness of the fires. Wood requires the lect^st, 
and anthracite screenings the most The strong draft required T< >r 
burning the smaller sizes of anthracite coal necessitates a very raill 
chimney unless forced blast is used. 

Generally a much less height than 100 feet cannot be recom¬ 
mended for a boiler, as the lower grades of fuel cannot be buriieMi 
as they should be with a shorter chimney. 

A round chimney is better than square, and a straight flue bettor 
than a tapering, though it may be either larger or smaller at the top 
without detriment. 

The effective area of a chimney for a given power varies inversol3/ 
as the square root of the height. The actual area, in practice, shout Id 
be greater, because of retardation of velocity due to friction again.st 
the walls. On the basis that this is equal to a layer of air two incliiefs 
thick o\er the whole interior surface, and that a commercial hot's g 
pow’er requires the consumption on an average of 5 pounds of coa.1 
per hour, we have the following formulas: 

E={Qr^H/■^/ll)=A—o.6^/A (r) 
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5’=:I2VE+4 (3) 

^ = i 3 - 54 V^ + 4 (4) 

h={o.zHyE) (5) 

in which /f —horse power; /j = height of chimney in feet; £ — 
effective area, and A — actual area in square feet; v? = side of square 
chinine}’, and D = diameter of round chimney in inches. 

To find the draft of a given chimney in inches of water: Divide 
J.6 bv the absolute temperature of the external air (ra = ^ + 460) ; 
divide 7.9 by the absolute temperature of the gases in the chimney 
y-j-^do); subtract the latter from the former, and nmltiply 
the remainder by the height of the chimney in feet. This rule, ex¬ 
pressed in a formula, would be: 

d = /z(7.6/ra —7•9A0• 

T(9 find the height of a chimney, to give a specific draft power, 
expressed in inches of water: Proceed as above, through the first 
two steps, then divide the given draft pozver by the remainder, the 
result is the height in feet. Or, by formula: 

_ 

’’ 7 ;^ - 7 -? 

To find the maximum efficient draft for any given chimney, the 
heated column being 600° F. and the external air 62° : Multiply the 
height above grate in feet by .007, and the product is the draft pozver 
in inches of zvater. 

The external diameter of a brick chimney at the base should be 
one tenth the height, unless it be supported by some other structure. 
The “ batter” or taper of a chimney should be from one sixteenth 
to one fourth of. an inch to the foot on each side. 

Thickness of brick work: one brick (8 or 9 inches) for 25 ft. 
from the top, increasing one half brick (4 or 4-! inches) for each 
25 ft. from the top downwards. 

If the inside diameter exceed 5 ft. the top length should be li 
bricks, and if under 7, ft. it may be one half brick for ten feet. 



CHAPTER VIIL 


GRINDING. 

The grinding of raw materials and finished products is of such 
importance for the industries that the selection of the proper con¬ 
struction has to be made with the greatest care. It depends upon 
the nature of the material to be handled, the capacity required and 
the fineness desired, what kind of mill is to be used. The selection 
of one of these machines is greatly facilitated by the experimental 
stations which are installed in the shops of nearly all the large 
manufacturers of mills and are at the disposal of the customers. 

Generally speaking, the grinding appliances can be divided into 



Fig. I2I. Gyratory Crusher. 


machines for crushing and coarse grinding and in machines for the 
production of a fine powder. 

Gyratory Crushers. The gyratory type shown in Fig. 121, which 
is used in almost all the cement mills and other industries, consists 
essentially of a vertical spindle, on the upper end of which is 
mounted a chilled iron crushing head that moves inside a hopper- 
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shaped top, into which the rock is fed. The bottom of the spindle 
passes loosely through an eccentric, driven from a horizontal shaft 
by bevel gears. The spindle, therefore, has a gyratory motion, and 
may or may not rotate on its own axis. As the head, running 
eccentrically, approaches and recedes from the side of the hopper, 
the stone is gradually crushed and falls down between the crushing 
surfaces. The stone must be broken by hand to a convenient size 
to feed into the hopper. A crusher having a hopper about 40 inches 
in diameter and a crushing head about 20 inches will have a stroke 
of approximately § inch. 

The horse power necessary to drive averages 1.2 times the tons of 
rock crushed by hour, figuring on rock of moderate hardness. A 
crusher of this type is suitable for individual belt drive. Sometimes 
two or more crushers are belted to one motor, though this is not the 
best practice, as all crushers must be stopped when the motor is shut 
down. Gearing is not suitable for these machines, as the driving 
gear would be subject to a severe strain should the crusher become 
clogged with rock. 

Crushing Rolls. These machines are built with plain or corru- 



Fig. 122. Crushing Roll. 


gated rolls. Their construction is easily understood from Figs. 122 
and 140. 

Jaw Crushers. In this type the pressing force of a moving jaw 
is utilized for crushing the material. This is a simple and eflfective 
crusher of moderate cost, capable of crushing the hardest material. 
It is illustrated in Fig. 123. 

Open-door Crushers. The open-door rotary fine crusher shown 
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ill Fig. 124 is built by the Sturtevant Mill Co., Boston, 
capacities from 1,000 pounds to 35 tons per hour. In this 
which is widely used for soft and moderately hard materials, <2’VC 



Imc. 123. Jaw Crus it er. 


>art of the interior is easily accessible for replacement and i) 
pection. 


Stamp Mills. The stamp mill shown in Fig. 125 is about th 
kiest and, for certain materials, the most convenient crusli iir 
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material is not ground to the greatest fineness, is the disintegrator 
shown in Figs. 126 and 127. This mill, which is built by the Kent 
Machine Co., Brooklyn, N. Y., is used for reducing to powder such 
substances as borax, alum, sulphur, paris white, whiting, litharge, 
glue, gums, rosin, sugar, starch, potash, dry colors, etc.; also for 
mixing together dry materials, as fertilizers, dry colors, etc. This 
machine is of very simple construction and can be operated by un¬ 
skilled labor. It consists of four steel cages running at a very high 
speed in opposite directions. The material is fed into the center of 
the machine through the hopper shown, and the centrifugal • force 



Fig. 125. Stamp Mill. 

is such as to drive it out through the steel bars, which, going at the 
speed they do, and in opposite directions, pound the material to 
powder. 

Chaser. For crushing lumpy materials in a dry or semi-dry state, 
such as oxide of copper, glass, etc., and for mixing white lead, 
mortar, etc., the chaser shown in Fig. 128 is used. This machine, 
which is manufactured by the Kent Machine Works, Brooklyn, 
N. Y., is strongly and substantially built, and is complete and self- 
contained. Both pan and runner are cast iron turned smooth. The 
material is discharged through a gate in the side of the pan, in 
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which scrapers are so arranged that they will discharge the finished 
product while the machine is running. 

A similar construction is the Chilean mill, which is widely used 
in the metallurgical industries. In this type the pan revolves, while 
the runner does not change its place, revolving only around its 
own center. 

Stone Mills. For fine grinding of dry and wet materials the 
stone mills are exceedingly adapted. They generally consist of two 



Fjg. 126. Disixtegkator. 

horizontal stones (either top or bottom runner, with or without 
cooling). The material to be ground is fed to the mill from a 
hopper on top of same and is transferred by centrifugal force to 
the effective part of the stone. 

Some of the most excellent mills of this type are built by the 
Kent Machine Co., Brooklyn, N. Y. Fig. 129 shows a group of 
three modern water-cooled mills, mounted on a cast-iron bedplate, 
driven with one counter-shaft, each mill being provided with a 
friction clutch, so they may run collectively or independently. The 
mixer pot on top of each mill is of cast iron and fitted with a 
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130 illustrates a modern grinding mill for lead and Ik 
This machine is built by the above cpncern with either I 



Fig. 127. Disintegrator Showing Interior Mechanism. 


sopus stones, either plain- or Avater-cooled. The top stc 
2d and adjustable, and fitted with a hopper if desired. 
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Fig-. 131 shows the tandem mill for grinding leads and heavy 
pastes. These mills are built water-cooled with Esopus or Buhr 
stones and are furnished single or in groups of three, mounted on 
a heavy cast-iron bedplate, a group of three comprising six mills 
in all. 

When built in groups of three, an especially designed skew bevel 



gear is used for operating each mill. Each mill is also driven with 
a friction clutch, so that they may be run independently or collec¬ 
tively. Feed pots are also provided, if required. 

Ball Mills. In cement works these mills take the output of the 
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having- a diameter of about double its length, filled with steel balls. 
The drum revolves on a horizontal axis, at a speed of from 21 to 
27 revolutions per minute. The lining of the drum is made up of 
overlapping steel plates, which form steps. As the drum revolves, 
the balls drop over the steps, pounding the material to pieces. 

Tube Mills. The tube mill consists of a wrought-iron tube 
mounted as a shaft by the attachment of heads so formed as to 
make trunnions, which rest in bearings at both ends. A large gear 



Fig. 130. Grinding Mill for Lead and Heavy Paste. 


attached to the tube and a pinion attached to the pulley shaft make 
the actuating device. The tube is lined with silex stone, and is 
about one half filled with flint balls. The enormous grinding sur¬ 
face thus provided permits of a very slow speed of rotation, 22 to 
27 turns per minute, according to the size of the machines. The 
trunnion at the feed end is hollow, and a screw conveyor carries in 
the material. By simply regulating ■ the feed, any degree of fine¬ 
ness, even to impalpable powder, may be obtained. Fig. 132 shows 
the tube mill built by F. L. Smidth and Company, New York. 

Big. 133 shows the spiral feed and discharge, which are the char- 
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acteristic features of the tube mill of the Abbe Engineering 
Company. 

Kominuters. The kominuter is the latest development on the line 
of low-speed coarse grinders. It combines to some extent the best 
features of the ball mill and the tube mill, resulting in increased 





Fig. 131. Tandem Mill. 

capacity per horse power, and a decreased cost of repairs over ball 
mills; compared to a ball mill having the same volume of grinding 
room, and requiring approximately the same horse power, the 
kominuter can carry more balls than the ball mill; it has also more 
screen surface and of a higher efficiency per square foot than the 
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inuter gives a higher output per horse power than the ball mill, is 
self-contained, is provided with automatic feed, and automatically 
returns to the mill the tailings from the screens. Fig. 134 shows 
a koniinuter built by F. L. Sniidth and Co., New York. 



Fig. 132. Tube Mill. 


Griffin Mills. These mills are used for the fine grinding of 
cement and other materials. The mill shown in Fig. 135 is driven 
from a pulley at the top, revolving at a vertical axis. The power 
is transmitted to a vertical shaft, which is hung from a universal 
joint inside the pulley, and is free to move in any direction at the 
bottom. A crushing roll is rigidly connected to the bottom of the 



Fig. 133. Spiral Feed and Discharge. 


shaft. When the pulley revolves the crushing roll is thrown off 
center, and revolves against a fixed ring or die with a centrifugal 
force of about six thousand pounds pressure. The grinding is done 
between these two surfaces. Two distinct actions on the material 
to be ground are obtained; the roll revolves against the die in the 
direction of the pulley, and this contact causes the roll and wshaft 
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to revolve around their own axis in an opposite direction. These 
mills are best adapted to belting, and may be driven from a vertical 
motor, or a horizontal motor with a quarter-turn belt. The Griffin 
mill is manufactured by the Bradley Pulverizer Co., Boston, Mass., 



in two sizes, 30-inch and 36-inch, designated according to the diame¬ 
ter of the ring against which the crushing roll revolves. A new 
mill has been brought out by this firm, called a Three-Roll Griffin 
Mill. This is similar in its action to the standard mill, but, as the 
name implies, has three crushing rolls instead of one. 

Fuller Lehigh Mills. These are called Fuller mills. They are 
used on the same material as the Griffin mill, described above, and 
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the grinding is done by four unattached chilled-iron balls, about 9 
inches in diameter, that are propelled by four equidistant horizontal 
arms or pushers radiating from a vertical central shaft. The orbit 
is a circular die, against which the balls exert great pressure, since 
they weigh about 112 pounds each and revolve at about 210 r.p.m. 
The main shaft is driven from a pulley mounted at the bottom 
below the grinding level. This mill, which is shown in Fig. 136, 
is built by the Lehigh Car Wheel and Axle Works, Catasauqua, Pa. 

Kent Pulverizer. The Kent pulverizer, which is also widely used 



Fig. 135. Griffin Mill, 


for coarse and fine grinding, is illustrated in Fig. 137 in a sectional 
view. The ring revolves and the three rolls press against its inner 
face. These are the only four wearing parts. The rolls are convex 
and the ring is concave and tracks are provided on the rolls. The 
springs support the rolls yieldingly and the rolls support the ring, 
so that the four crushing parts are free to move to pass iron or 
uncrushable objects and are cushioned to take up shock and vibra¬ 
tion and prevent crystallization or breakage. The rock falls from 
the inlets to the inner face of the ring. Centrifugal force holds it 
there in a layer an inch deep. It revolves with the ring, and passes 
under the rolls. The rolls are pressed by the springs outwardly 
against the rock on the ring with a pressure adjustable to 20,000 
lbs. by the screws against the springs. The rolls roll over the rock, 
crushing it against the ring. The crushed rock flows off each side 
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the ring into the casing* and falls to the discharge. The body of 
the rock between the rolls and the ring makes 90 per cent, of the 
rock abrade on itself in crushing, thus reducing the wear on the 



wearing parts. This mill is built by the Kent Mill Co., New York. 

Raymond Mills. A mill which is widely used in the industries 
on account of the convenient accessibility to its inner parts is built 
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by the Raymond Brothers Impact Pulverizer Company of Chicago, 
Ill.; for grinding finer than to lOo-mesh air separators are attached 
to this mill, as illustrated in Fig. 138. 

Aero Pulverizer. For pulverizing coal and for transporting the 
coal dust mixed with the amount of air necessary for combustion 
to a kiln or furnace the so called aero pulverizer shown in Fig. 139 
is successfully used. This machine consists of three interiorly com¬ 
municating chambers of successively increased diameter, in which 
revolve paddles on arms with correspondingly increased radii. These 
three chambers are in fact three separate pulverizers on a single 



axis, each succeeding pulverizer having longer arms and therefore 
greater speed at the periphery, and greater power for fine pulveri¬ 
zation. The fourth chamber contains a fan whose function it is to 
draw the more finely pulverized material successively from one 
chamber to the other and finally to deliver it through a pipe connec¬ 
tion to the furnace on the impetus of a forced draft. The three 
pulverizers and fan are enclosed in one steel cylinder. A regulable 
feed device accurately controls, and by moving a lever varies the 
quantity of coal admitted to and delivered by the machine. Two 
regulable inlets in the feed device admit the air required for pulver¬ 
izing purposes. An auxiliary inlet between the third work chamber 
and the fan is controlled by a damper and admits such additional air 
as is required to bring the total air supply up to the theoretical 
requirement. The auxiliary air is intimately mixed with the pul- 



AYMOND Mill. 
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I'erized coal in the fan chamber. These machines are built bv the 
A.ero Pulverizer Co. of New York. 

Coal and Coke Crushers. The use of bituminous coal and appli¬ 
ances for spouting to boilers and stoking necessarily called for 
devices to reduce the lumps to a proper size. 

Fig. 140. The Link-Belt standard two-roll crusher. It tvill reduce 
run-of-mine bituminous to 2^'' and under. 


With the Link-Belt fluted two-roll crusher for fine crushing, the 
^ ^ .. 



Fig, 140. 2-Roll Crusher. 


rolls are geared to run at differential speeds, so as to produce a tear¬ 
ing action on the lumps; it reduces oven coke to domestic size. 

The Link-Belt disintegrator is employed for very fine crushing 
of coal as required in cement works and in by-product coke oven 
plants. Used in adddition to a crusher so that run-of-mine coal can 
be reduced to and under. For the best results, either stationary or 
power screens should be placed between crusher and disintegrator. 



CHAPTER IX. 


MIXING MACHINES. 

The kind of mixing machines to be used in a manufacturing 
process depends upon the thoroughness of the mixture required. It 
is evident that with an unequal mixture of two materials supposed 
to undergo a chemical reaction with each other, at one point the one 
substance, at another point the other will be in excess, causing a 
lack of uniformity in the process. Before the materials are mixed 
their correct weight has to be determined. 

Scales. Fig. 141 represents an automatic scale for pulverized 
material with feeding device and sifter attached, as built by Werner 
and Pheiderer, Saginaw, Mich. The operation is very simple; after 
the correct weight has been set on the scale beam, the starting rod 
is pulled. The feeder operates until the desired amount has been 
deposited in the scales, then stops automatically. These scales are 
also supplied without sifter. 

An automatic scale for water and other liquids, built by the same 
firm, is shown in Fig. 142. 

Mixers. The mixing appliances are classified as follows: Mixers 
for (i) solids, (2) solids and liquids, (3) liquids, (4) liquids and 
gases, and (5) gases. 

The best and at the same time simplest mixing machines for dry 
and wet solids are built by Werner and Pfleiderer, Saginaw, Mich. 
On account of the rapidity of operation and thoroughness of mix- 
ture obtained, these machines are used quite extensively. 

In selecting the proper size of these machines the most difficult 
mixing process can be performed in the most successful manner. It 
is to be mentioned that these machines are used not only for mixing 
dry, but also wet materials, in which case they also act as kneading 
machines. The special features of these mixers and kneaders are 
as follows: 

I. The peculiar kneading blades (mixing and kneading arms), 
which possess different forms according to requirements, and which 
revolve in two hollow semi-cylinders, intersecting in each revolution 
successively every point on the surface of the surrounding cylinder, 

142 
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SO that no particle of the material can escape getting into the action 
of the blades. 


2. The reversing apparatus, by which the blades are made to 
revolve either backwards or forwards, whereby the process of mixing 



Fig. 14T. Automatic Scale for Pulverized Material. 


and kneading is accelerated and the discharge of the material greatly 
facilitated. 

3. The troughs of the machines, which are shaped according to 
the requirements of the material to be treated and which are mounted 
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SO low that all materials can be charged and discharged conveniently. 

These kneading and mixing machines are of very solid construc¬ 
tion and usually built in iron and steel. For materials, however, 
which should not be brought in contact with iron or where the 


h 



Fig. 142. Automatic Scale for Liquids. 


machines must be protected from the effect of acids, etc., the trough 
and blades of the machines can be galvanized, made of bronze or any 
other suitable material, and where iron must not work against iron 
the blades are made in brass. In cases where the materials to be 
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treated produce a severe wearing effect upon the trough and blades 
the trough is fitted with a movable lining and speciallv orotectr^ 
blades are provided. ' ^ 



Pig. 143 - Mixing and Kneading AL\chike. 

The blades may be constructed hollow and the trough jacketed to 
permit heating by steam or cooling by cold water. Such arrange¬ 
ments are applied where materials (gutta-percha, chewing gum. 



Fig. 144. Masticatoe. 



146 APPLIANCES OF CIIEiMICAL AND METALLURGICAL INDUSTK I 

chocolate, licorice, etc.) require heating to facilitate the proc^^^^ 
mixing and masticating, or where cooling of the material is coiisicl- 
ered necessary or desirable. 

These machines are constructed with slow as well as fast s-peed 



Fig. 145. Mixer for Hand Tilting. 


and also with an arrangement for two speeds so as to suit: the 
numerous requirements of various industries. They are buiilt in 
three strengths: Class BS (gears on one side) are strong maolT^ines 



Fig. 146. IhxER with Power Tilting Arrangement. 

for kneading and mixing every description of rubber cements, cru¬ 
cible paste, ointments, oils and powders. 

Class BB (gears on both sides of trough) are adapted for the 
manufacture of pill masses, red and white lead, stiff putty, smolcdess 
gunpowder, etc. 
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Class BBB and C, the very strongest and heaviest built machines, 
are employed for very tough masses and where occasionally extra- 



Fig. 147. jNIixer with Low Trough. 


ordinary sudden jerks and resistance are encountered as with gutta 
percha, india rubber, linoleum, celluloid, etc. 

In the machines shown in Fig. 143 the trough can be taken apart 
with great ease, hence the trough and working parts can be cleaned 



Fig. 148. Paper Pulping Machine. 


and washed as scrupulously and perfectly as may be desired. For 
discharging contents it can be tilted as shown in the cut. 

The type “ Masticator'' shown in Fig. 144 is a special construction 
for the kneading, masticating and malaxating of very tough masses. 
The trough and blades are constructed for heating by steam; only 
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two connections have to be made, one for steam inlet and tlae otl: 
for the waste steam. For cooling purposes cold water rtaay 
turned on same fittings instead of steam. In view of the g-rc 
resistance to be overcome in treating very stiff materials, these ma 



Fig. 149. Agitator, Style A. 


ticators are very strongly built. The discharging of the material is 
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in^ i3.iicl of tlic niRcliinc more 63 ,sy 3 .iicl convcniGiit 

with any of the other types. There are no steps needed and the 
attendant does not have to stoop to get access to the working parts 
inside the trough. The machine illustrated has hand tilting gear, 
aided by counterweights, which makes the tilting arrangement by 
hand very easy and convenient. This machine, which is built in 



Fig. 150. Agitator, Style B. 


sizes ranging from a capacity of 20 to 290 gallons is also built 
with power tilting arrangement, which is set in action by a foot or 
hand lever. 

Fig. 148 illustrates I'lie Universal Paper Pulping Machine built by 
the same concern. This machine consists of a trough with two 
hollow semi-cylinders in which revolve two agitators. These agita¬ 
tors intersect in each revolution successively every part of the surface 
of the surrounding cylinder so that no particle of the paper stock 
can escape getting into the action of the agitators, which tear it up 
and pulp it as thoroughly as may be desired. 
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This machine disintegrates all kinds of paper. It preserves and 
separates the fiber without breaking it and produces a pulp which 
can be made into very strong and highly finished paper. 

Mixing of Liquids, Fats, Lumpy Materials, etc. For mixing 
light and heavy liquids, etc., preferably kettles are used which are 
provided with agitators. A great variety of these agitators is built 
by H. W. Dopp Company, Buffalo, N. Y. The agitators are fur- 



Fig. 151. Agitator, Style C. 


nished driven by hand, belt, steam, electric power and by bevel gears 
and clutch direct from overhead shaft. 

In the machines built by this firm the agitators can be raised and 
lowered at will, which greatly facilitates removing of the contents 
or cleaning of the kettle. Tlie machine shown in Fig. 149 is exten¬ 
sively used in the soap industry on account of the rapidity with 
which the kettle can be cleaned and cooled. The agitator shown in 
Fig. 150 is especially adapted for mixing and agitating light mate- 
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keep a substance agitated to prevent burning. The construction 
illustrated in Fig. 151 is used for mixing light but lumpy materials 
and is provided with an additional sweep arm, which has a tendency 
to break up the substances being mixed. Fig. 152 shows a double 
motion mixer (bracket type) : the outside sweep with attached arms 



Fig. 152. Agitator, Style D, Bracket Type. 


revolves in one direction, while the center shaft and arms revolve in 
the opposite direction and at twice the speed. For mixing heavy 
materials the double motion agitator, shown in Fig. 153, is used. In 
this construction the bridge type of drive is applied to obtain the 
additional strength necessary to mix heavy material in batches of 
100 to 500 gallons. 

The description of the cast-iron, seamless, steam-jacketed kettles, 
which are used in connection with these agitators, is contained in 
Chapter XIII. 

Mixing of Gases and Liquids. A very convenient apparatus for 
performing this operation and for stirring liquids by means of air 
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is the steam jet blower manufactured by the Schutte and Koerting 
Co. The action of the steam jet agitator is based upon the fact 
that a steam jet issuing from a small nozzle into a larger carries 
along the surrounding air and gives this air a velocity sufficient to 
overcome a pressure of fully eight feet of water. The air escaping 
with great force from the holes in the pipe fixed at the bottom of 
the tank, causes a violent agitation of the liquid surrounding it and 



Fig. 153, Dopp’s Agitator, Style D, Bridge Type. 


stirs up and drives in all directions any solid matter or precipitates 
resting at the bottom. Compared with air pumps, these apparatuses 
have advantages that give them preference wherever applicable. 

The agitator is best placed so that its head stands above the high¬ 
est level of liquid. The distributing air pipes have two rows of 
holes equally distributed and pointed downward. The number of 
these holes are fixed by the rule that the combined area should equal 
twice the area of the air pipe of the agitator. The diameter of 
holes should not exceed f inch. 

The agitating arrangement is especially useful in chemical works, 
where the operation of stirring is frequently of importance. Fig. 
154 shows the application of such an agitator. In this case the 
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pipes are made of lead and rest on lead supports to give clearance 
between pipes and bottom of the tank, so that the air can blow 
against the bottom of the tank and keep the solution in circulation. 



Fig. 154. Application of Steam Jet Agitatof. 



tion chamber with spray nozzles; B the blower for air supply; C 
the cooler; H the hopper; P the pumping outfit; 5 ' the sulphur fur- 
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nace; T the storage tank. In this apparatus the blower forces the 
combustion air to the furnace, the sulphurous acid gases pass 
through the cooler to the absorption chamber, where the 
absorbed by the atomized water; the water pressure is created by 
a pumping outfit, if there is not already pressure water at disposal. 
The absorption chamber is so arranged that the gases have to pass 
up and down, being on their way absorbed by the atomized water. 



CHAPTER X. 


FIRING AND FURNACES. 

Producer Gas Firing. In the last ten years great strides have 
been made in the application of producer gas for fuel purposes, and 
it has been found that the use of this gas in place of direct firing 
with coal presents the following advantages: 

1. While with direct firing it is impossible to get a complete com¬ 
bustion, this result can be easily obtained by using producer gas. 

2. Even with the lowest grades of bituminous fuels a practically 
smokeless combustion is obtained by transforming such fuels into 
producer gas. 

3. With gas firing the temperature is easily regulated and kept 
con St ant- 

4. With producer firing the waste heat of the products of com¬ 
bustion can be utilized for preheating the combustion air or the gas, 
whereby a considerable saving in fuel is effected. 

5. With producer gas firing a slight excess of either air or gas 
can be used, if so desired, for obtaining an oxidizing* or reducing 
flame, which is of special importance to the chemical industries. 

6. With producer gas firing the material to be heated does not 
come in contact with the solid fuel or ashes. Thence, for instance, 
in using gas in a lime kiln a purer product will be obtained than 
with direct firing. In using producer gas under a boiler the life 
of the latter will be prolonged on account of the purity and uni¬ 
formity of the flame. 

7. Less skill is required for taking care of a gas-fired installation 
than of a direct fire. 

8. Producer gas firing is especially adapted for central stations, 
as the gas produced in one producer or in a battery of producers 
can be distributed through pipes to a large number of furnaces. 

The advantage of gas firing over direct firing is obvious, and 
can be easily understood from Fig. 156. The top view shows an 
ordinary direct fireplace for coal, to which the fuel is charged 
through a side door. The latter fact makes it difficult to keep up 
a fuel bed of uniform thickness all over the grate. The bottom 
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A comparison of these two illustrations further shows that there 
is nothing complicated in a gas producer and that the same can be 
defined as a grate fire carrying a fuel bed of considerable thickness, 
say of three feet. It does not matter whether the grate is formed 
by bars or ashes. 

The manufacture of producer gas consists mainly in drawing 
by means of natural draft or a fan, or by blowing by means of a 
blower, air through a fuel bed of certain thickness. The entering 
air combines with the carbon of the bottom layer to carbon dioxide 
(carbonic acid), which is a gaseous, non-combustible product of 
complete combustion identical with the gas escaping from our chim¬ 
neys. This gas, by going through the upper layers of the fuel bed, 
forms a chemical combination with the carbon of these layers and 
is reduced thereby, the result being the formation of carbon mon¬ 
oxide, which is a combustible gas, and is called producer gas. On 
account of the air blown through the fuel, this gas necessarily con¬ 
tains a certain amount of nitrogen. 

The gas producer shown in Fig. 156 is a rather old design; the 
producers in use at present show many improved features, thence 
higher efficiency. It has been found that by blowing in place of 
air a mixture of steam and air through the fuel bed, a gas of much 
higher thermal value is obtained. It has been also found that the 
attendance necessary for running the producer is considerably re¬ 
duced if, instead of supporting the fuel bed upon a grate, a so-called 
water seal is used, the fuel bed being supported by its ash. One 
of the most widely used producers of this style, the Bradley Water 
Seal Gas Producer, wdiich is manufactured by the Duff Patents Co., 
Pittsburg, Pa., is shown in Figs. 157 to 160. Fig. 157 is a section 
showing top of grates and locations of steam jet blowers. Fig. 
158 is a top view and Figs. 159 and 160 arc sectional views. This 
producer, which is extensively used in chemical and metallurgical 
works, is very simple and efficient. The coal is completely burnt 
into white clean ash, which is simply shoveled out of the water- 
sealed bottom by unskilled labor. The operation is continuous, and 
as one man can attend to a number of producers, nearly automatic. 
The sensible heat of the ashes is utilized in the producer for the 
formation of steam and vapor, which rises through the fuel, softens 
the ash considerably, assists in preventing the formation of clinkers 
and enriches the gas by its decomposition into hydrogen and oxy- 
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gen, the latter combining with the carbon of the coal to carbon 
monoxide. Hence the vapor rising from the ash troughs decreases 
the quantity of steam required for blowing. 

No air can escape from the blowers up the sides of this producer. 
The air is properly distributed through numerous slots covering* a 
large area, which results in an even and uniform combustion of the 



coal and the absence of holes in the fire. There is no loss of gas 
by leakage, the gas being completely sealed by the water seal. 

The special feature of the Bradley producer, which makes this 
construction very desirable, is the use of four blowers and four 
grates. It is to be stated that, while only two grates are shown in 
the cut, a dividing plate is provided between each grate, which 
practically makes four independent grates. For instance, should 
the fire get too hot at either of the end walls running parallel with 
the grate, the blowers controlling those halves of the grates are 
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closed down partly or entirely, as the case may require. This 
applies also to the center halves of the grates, which are controlled 
and regulated in the same manner. Hence an absolute control of 
the condition of the fire is effected by the regulation of the steam 
and air blast. This design also prevents the formation of an un¬ 
even fuel bed, thereby reducing the poking of the fires to a mini- 



Fig. 158. Bradley Producer. 

mum, the result being a better and a more uniform quality of 
the gas. 

Producer Gas-fired Boiler Plant. Fig. 161 shows a boiler instal¬ 
lation provided with gas producer firing. It is easily understood 
that a battery of boilers can be heated by a battery of producers 
and that the boilers can be at any distance from the producers. In 
the plant shown in the illustration the producer gas goes at first to 
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the gas sewer h, which is connected by valves v with the gas dis¬ 
tributing channels a, one of the latter being arranged below every 
combustion chamber h. Thence by closing a valve any boiler can 
be disconnected from the firing and the quantity of gas to be admit¬ 
ted to the boiler be regulated. Above the channel combustion 
chambers b are provided, into which the gas enters by a number 





Fig. 159. Bradley Producer. 


of openings or tuyeres d from the channels a. In the combustion 
chambers h the gas is mixed with the air required for combustion. 
The latter enters through channels, goes through channels / (in 
the side walls of the combustion chamber) downward to the open¬ 
ing IH-y through which it enters at both sides of the tuyeres d and 
is burned. Above the chambers h there are arranged chambers c, 
which are separated by an arch from the boiler tubes. Thence the 
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fire gases before touching the tubes have to pass two chambers, 
first the combustion chamber proper and then the upper combustion 
chamber, whereby a complete combustion of the gas is obtained. 
The arrangements of the channels / prevent a loss of heat by 
radiation. 

Coal is charged into the producer every half hour, which is a 



simple operation; in fact, unskilled laborers are used everywhere 
for attending to producers, which means also a saving compared to 
direct firing, where skilled firemen have to be employed. Further 
advantages are the possibility of using low-grade fuel without inter¬ 
fering with smokeless combustion. 

Producer Gas-fired Lime Kiln. An installation of this type is 
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equally distributed over the entire area. The air arrives on account 
of the high temperature at the place of combustion under a certain 
pressure which prevents the drawing in of excess air and effects 
the uniform distribution of the air as well as of the gas. The com¬ 
bustion of the producer gas by the air is taking place between and 
above the gas inlets. 

With such a producer gas installation a very uniform heat is 



obtained, the utilization of the heat is far superior to direct fire, 
and a great saving in the fuel consumption is effected. Further 
advantages are the production of pure material and longer life of 
the shaft. 

Producer Gas-fired Reverberatory Furnace. Reverberatory fur¬ 
naces are widely used in the industries for melting, glowing, roast¬ 
ing and various chemical and metallurgical operations. Most of 
these furnaces, however, are at present still heated by direct firing, 
causing a great waste by fuel. 
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recuperator consists mainly of a system of fire clay pipes c , which 
connect the flue b with the chimney E. This pipe system is built 
into a wider channel L, in which the air required for the combustion 
of the producer gas is introduced at L The air goes in channel L 
around the pipe system as shown in the cut by arrows, absorbs the 
heat of the escaping fire gases and carries this heat back through 
the furnace to the channels and openings i. These channels are 
connected with the hot-air chamber L of the recuperator bv air 
slits or air channels IE In these air slits, which are- arraiio*ed 
throughout the width of the furnace arch, the air is brought to a 
still higher temperature. Thence at the fire bridge incandescent 
producer gas is mixed with incandescent air, causing a perfect coni- 
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bustion. In w^orking wuth a reducing flame the combustion is nearly 
smokeless. It gets perfectly smokeless by the use of a slight excess 
of air. 

The saving is effected by higher temperature obtained, by the 
recovery of the heat in the recuperator, by reducing the radiation 
of the fireplace, by the exact regulability of the firing, and the per¬ 
fect combustion. The iife of the fire brick work is considerably 
prolonged. 

In installations where a temperature of 2000° F. to 3000® F. is 
required the gas and air have to be highly preheated before they 
are allowed to combine. This is effected by leading both the air 
and the gas through- highly heated fire brick checker work con¬ 
tained in a chamber. There are generally provided two chambers 
for heating the air and two for heating the gas. While one of 
each chambers is used for heating, the other is heated b}^ the waste 
heat of the products of combustion. So-called reversing valves are 
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used for alternately connecting* the chambers with the gas and . 
supply pipe. ‘ . 

Producer Gas-fired Muffle Furnaces. In coal-fired muffle fi 
naces the combustion products escape at very high temperature af 
heating the muffle, which means a considerable loss of heat. Pi 
ducer gas firing is much more economical in such a furnace, as t 
waste heat can be used advantageously for preheating the combi 
tion air. Furthermore the sensible heat of the brick walls can a. 



Fig. 165. Producergas Fired jMuffle Furnace. 


be utilized for preheating air by providing suitable air slits. Fi; 
165 shows a producer gas-fired muffle furnace in vertical sectio 
horizontal section through the muffle proper, and a horizontal se^ 
tion through the recuperating apparatus. 
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The gas goes through openings 0 into the fire space / siirround*-- 
the muffle. At the entrance the gas is mixed with hot air 
is led to these points through channels / between the cV-w-' 

from the recuperator. The gas flame rises upwards, pla\-c; a-rr--■ 
the muffle arch and goes downwards, heating the bottom o- ‘’-■ 
muffle. Then the products of combustion—still verv - 

through pipes r to the flues leading to the stack. r 

are built into wider channels m, into which air is led throu^’- 
ncls /. This air plays around the pipes r opposite to the fl-:-^ 
direction, and is heated by absorbing through the pipe walls fl-e 
of the combustion products. The highly preheated air tinallv 
through channels n into pipes /, which lead to the fire space aiwr^w 
arranged between the gas pipes. 

For effecting a uniform heating of the muffle, the producer 
can be led into the fire space also at a second and third ulace. 2 -r 
the sensible heat of the brick walls utilized for preheating fine 
necessary for oxidizing this quantity of gas. In the constvii-:o- 
shown in Fig. 165, producer gas and preheated air is again allowc.,: 
to enter at half the way of the fire gases around the muffle. Th.c- 
air necessary for burning this gas enters at t and through oue::- 
ings regulable by slides into the air slits arranged behind th^- 

fire-brick wall of the furnace. The producer gas entering at tr.c 
second place is also taken from the producers. 

The way of mixing the gas and the air is of fundamental impor¬ 
tance for getting a complete and smokeless combustion. In a wide 
hearth the gas will advantageously be introduced in a number of 
parallel currents. In this case the air also has to be applied, so 
that there is one gas channel corresponding to every air chanuei. 
As the air is heavier than the gas, it is by no means imniateria: 
wdiether the air channels are constructed above or below the gas 
channels. If the air is introduced above the gas a quicker contbus- 
tion is obtained ; reduction processes are conveniently performed 
with upper air.’' If the air is introduced below the gas a slower 
coinhustion— i. e., a larger flame—is obtained; oxidation processes 
are conveniently performed with ‘‘ lower ” air. While parallel cur¬ 
rents of gas and air are to be used if a large area is to be heatedi. 
the gas and air are brought together tinder an angle for lieaiing 
a narrow space; for heating a small object gas and air are conibuiec! 
at a right angle. 
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Producer Gas-fred Brick Kiln, Producer gas firing can be con¬ 
veniently used in brick kilns and generally a direct-fired kiln can be 
transformed to gas firing at moderate cost. 

The main advantage of the gas fire for this purpose is the fact 
that the heat of the burnt material can be utilized for preheating 
the combustion air. Furthermore low-grade fuel can be used, even 
if high temperatures have to be obtained or high-grade goods are 
to be burned. 

With gas firing the material to be burned does not come in con 
tact with ash, flue dust, etc.; thence fine goods which previously hac. 
to be burned in muffle furnaces can be burnt directly with gas. 



Fig. i66. Producergas Fired Brick Kiln, Vertical Section. 


While with direct firing a number of fireplaces have to be operated, 
a saving in labor is effected with gas firing by the fact that only one 
producer plant has to be taken care of. 

With gas firing an excess of air in the kiln or the admission of 
cold air is easily avoided. 

It is evident that with only slight changes a coal-fired kiln can 
be adapted for gas firing. In place of the heating shafts (flues), 
vertical pipes (burners) closed on top, which are provided with 
rows of numerous gas-outlet openings or slits, have to be installed. 
These burners are connected by connecting flues or channels ar¬ 
ranged in the sole of the kiln and by a main gas flue going all 
around the kiln, as shown in Fig. i66 (vertical section) and Fig. 
167 (plan). The gas is fed from a gas producer to the flue K. 

Below every firing hole there are built in vertically fire-brick 
tubes R closed on top, which end with their open bottoms into the 
cross-flues. By opening valve v these flues can be connected with 
the main flue K, so that whenever the valve is opened the gas will 
go to the connecting flue q and from here through the burner R 
into the burning kiln proper. The products of combustion are led 
through the flues / into the common flue R. 
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Through the flue 5 ^ on top of the kiln hot air from a burnt-c 
Linber is conducted to a chamber charged with green goods, 

\s is seen from the above description, the air only is preheat 


Fk;. 167. Pkodlthkc.ss Fiuk!) 1 ’ikk ic Kii,n, Plan. 
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Fig. t68. Hand-stirred Roasting Furnace. 
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in this case, while the gas goes to the kiln without preheating. This 
necessitates the use of a fairly good grade of coal, while by pre¬ 
heating the gas also low grade of coal and even lignite, peat or 
wood can be used without difficulty for burning the most refractory 
materials. In Europe the system of regeneration (preheating gas 
and air in chambers filled with fire-brick checker work, which are 
heated by the product of combustion) is widely used and in one 
fire brick factory a saving in fuel of 40 per cent, and in time of 
50 per cent, has been effected. 

For the burning of goods which shall not come in contact with 
the fire gases, especially for burning fine enamels, muffle furnaces 
are used. In the heating of latter, producer gas presents many 
advantages as compared to direct firing. The waste heat of the 
products of combustion is lost with coal firing, while with gas firing 
it is used for preheating the combustion air. With gas firing the 
heat radiated by the furnace can be considerably reduced by arrang¬ 
ing air slits behind the fire brick lining and leading the combustion 
air through same for the purpose of preheating. 

Roasting Furnaces. Roasting furnaces may be classified under 
one of the following types: The hand-stirred reverberatory; the 
reverberatory with continuous discharge ; the revolving cylinder with 
intermittent discharge; the revolving cylinder having continuous 
discharge; circular multiple hearth shaft furnaces; muffle furnaces. 

With these furnaces wood, coal, gas or oil can be used as a fuel 
and all are intended for roasting crushed ore. 

The ordinary hand-stirred reverberatory roasting furnace consists 
of a continuous hearth covered over with a low arch and having a 
fire-box at one end and a flue at the other. A furnace of this kind 
is illustrated in Fig. 168. 

This furnace can often be economically built of stone up to the 
half level, the rest of the structure being constructed of brick, the 
entire mass being bound together with T-rails or I-beams. The 
hearth should be of sufficient area to suit the character of the ore 
and tonnage required. The Allis Chalmer Co. builds them in sizes 
ranging from 7 X to ft to 17 X 72 ft. 

A good example for a reverberatory with continuous discharge is 
the Browm roasting furnace shown in Fig. 169. In its most im¬ 
proved form it is a single hearth reverberatory with an interior 
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This roaster is made straight or round in shape to suit local condi¬ 
tions. Fire-boxes, in number and position to suit the length of the 
furnace and the character of the ore, are provided. This furnace, 
in which stirring is done mechanically, is generally provided with an 
automatic ore feeder. 

The Bruckner roaster, which consists of a revolving cylinder with 
intermittent discharge, is shown in Fig. 170. It is generally lined 
with fire-brick, the cylinder resting on friction rollers and revolving 
between a fire-box and a flue. The flame from the fire-box passes 
directly through the cylinder, and thence mixed with the gases from 
the ore, into a dust chamber. The cylinder is provided with man¬ 



holes for receiving and discharging the ore, the latter being roasted 
in charges of several tons. The advantages of this type of roaster 
are that the charge of ore may be retained in the furnace as long as 
required, the heat can be nicely adjusted and the roasting can be 
completely and economically performed. 

A circular multiple hearth shaft furnace is the Stetefeldt roaster. 
It consists of a vertical brick shaft about 25 feet hig'h, having a fire¬ 
box near the bottom and a flue opening near the top ^ by means of a 
screw feeder, worked automatically, pulverized ore is continually 
sifted into the shaft, and, in falling through the heated air, which 
takes but. a few seconds, it is roasted. There is also a fire-box placed 
at the bottom of the descending flue for roasting the flue dust. 

Roasting furnaces having a central shaft, with a number of cir¬ 
cular shelves placed at right angles to it and being provided with 
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roaster. The latter, which is built by the Allis Chalmer Co., is illus 
trated in Fig. 171. It is a vertical iron cylinder lined with brick 
in it are five or six horizontal hearths constructed of brick. Throng] 
the center of the furnace and extending from top to bottom is ; 



hollow water-cooled shaft, to which are directly connected hollow 
water-cooled horizontal arms, to which are attached removable and 
adjustable rabbles. 

The ore or matte, preferably reduced to three eighths of an inch or 
finer, is automatically fed into the uppermost hearth and by the 
action of the rabbles it is carried towards the center, where it drops 
through an annular opening onto the next hearth. 
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On the second hearth the rabbles feed the material gradnall^^ 
ward until it drops through marginal openings in the hearth out 
third hearth. 

The rabbles on the third hearth move the material to the c 



where it is discharged onto the next hearth and so on thronghou 
furnace until it is delivered into a receiving hopper. 

The hollow central shaft and hollow arms of this type of fur 
are provided with a water cooling system, arranged for the ci 
lation of water through the whole interior of same. 
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This furnace is suitable for roasting- ores, concentrates of 
which contain sufficient sulphur to roast of themselves, not r 

external heat. Ores carrying from 25 to 35 per cent. suItrniirA n 
be roasted down to from 5 to 7 per cent, of sulphur by their . vr 
heat alone. 

For starting the roaster and for keeping it hot when ft 
down temporarily, a circular fire-box is furnished, which •- 

connection with two roasters. The usual construction is to '-v-t ’u 
fire-box for each two furnaces, simply for keeping up tfie 'o; " 
should a shut-down be necessary. For roasting non-co:nhuAt*'“e 
matter, the fire-box is incorporated in the furnace, being uiacr ! 
under the lower hearth. 

The McDougall roaster is suitable for roasting sulphide ores, ir.e 
fumes from which are to be converted into sulphuric acid. It is 
in demand for roasting ores and mattes for subsequent smelting. 
The furnace is simple in construction, etc. 

The furnace occupies but little space; the smaller size is ft. 
diameter on the outside and 30 ft. hig'h, measured from the gru’c::,! 
to the top of the furnace shell. 

When running nominally from i-i to 2 horse power is require.;, 
depending upon the speed and capacity desired. If only one or twr) 
furnaces are to he installed, it would be necessary to provide 11:.ce 
power than stated above, for at times it becomes necessary to put in 
a plow that will plow up the material on the upper hearth prepara¬ 
tory to putting on new rabbles. 

The speed with which the arms and rabbles revolve is determineii 
by the degree of roasting required in the furnace and the character 
of the ore. At Anaconda the shaft revolves once in minutes. 

In the Flerreshoff roaster two arms are attached to the shaft over 
each shelf, placed in opposite directions, having teeth or rakes so 
disposed on the first shelf that the roasting material is plowed from 
the shaft outward and delivered through openings at the outer edge 
of the shelf. As the ore drops on the shelf below, the plows are so 
placed that the material is turned over and over, finally^ discliargmg 
through a large opening around the shaft. The area of this opening 
is sufficient for the gas that passes through it. The same is true or 
the openings at the outer edge of the shelf above. Xlie iiiaienal. 
after being plowed very slowdy over five shelves, finally’ discharges 
through two outlets at the outer edge of the bottom shelf. Tlie 
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furnace has a very large vertical shaft fourteen inches in diameter, 
made hollow, so that a large quantity of air is drawn up through it; 
this amount being increased by the introduction of a sheet-iron 
stack extended above the top of the furnace. Between the shelves 
there are cross channels passing directly through the shaft at right 
angles. These channels are about four inches wide and five inches 
high, and allow ample space around them for the passage of the 
ascending air. Into these channels or sockets the arms are inserted. 
In the top of each channel, at the center of the vertical shaft, is a 
pocket running across the channel; into this a rib at the inner and 
top edge of the arm locks when the arm is forced into its proper 
position. The weight of the arm always keeps it properly locked in 
the channel. By raising the outer end of the arm about three inches 
the top edge of the rib is brought below the pocket, and the arm can 
be easily pulled out. Practice has shown that these arms, weighing 
‘lOO pounds, can be unlocked and removed from the furnace and 
new ones put in and locked into place in about one minute. 

Each furnace requires from one tenth to one quarter horse power. 
The labor required is very small. At Butte thirty-six of these fur¬ 
naces have been running for several years. For the control of their 
work one man only at each shift is required. 

The principal repair is due to the corroding or burning out of the 
arms. About six arms per year have to be renewed, the cost for 
these renewals amounting to from twenty to thirty dollars per year. 

The ore is fed automatically, by means of a plunger that is moved 
back and forth in a horizontal cylinder. When going toward the 
central shaft, the ore is pushed forward and discharged down the 
curved pipe on the top shelf. When the plunger is pushed back, 
away from the central shaft, the fine ore descends and fills the vacant 
space. The mechanical device for the performance of this back¬ 
ward and forward movement is very simple. The central shaft 
revolves one revolution in two minutes, the plunger making, two 
.strokes in the same time. The usual amount of 44 per cent, ore 
roasted in such a furnace is 7,000 pounds. The roasted ore contains 
from 2.5 to 3.5 per cent, sulphur. 

The central shaft, presenting a large cooling surface, modifies 
somewhat the temperature of the whole furnace. This is a decided 
benefit. That portion of the arm where greatest strength is required 
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are hollow and of rectaiig-iilar cross-section, and made tof a 00’--]* ).- 
sition, which stands the high heat satisfactorily. 

Sulphur IFuraace. In burning sulphur it is of iii^portarcc * < 
admit the right ciuaiitity of air to sulphur and to iitili^^ x:he heat ^ 
the gas formed for preheating the sulphur. These obj tects are car¬ 
ried out ill ail e>:cellent manner in the furnace shown in Pio- 
which is built by Schutte and Koerting Co., Philadelphia, The 
furnace is constructed with a view of easily cleaning the <nhd'>^*'r nr- 
The sulphur is fed to the pans by means of hoppers which ho! i a 



sufficient quantity of sulphur to run the furnace for a. nimiber of 
hours without filling up. The hoppers are so arranged that t!iev 
are closed off from the furnace when filling, therefore trlie process is 
not interrupted. Show glasses are provided to watcli the pror-er 
combustion of the sulphur. . Ploles are provided on tlio sides of t::e 
sulphur burner to light the sulphur by a red hot ircon rod. The 
advantages of these furnaces are : simple manipulation,, no escape of 
sulphurous acid fumes, continuous working, no brick: work. T::e 
burning sulphur is visible from outside. Easy cleaning. Greatest 
efficiency, of at least 95 per cent of burned sulphur. -Arranged f o 
suction as well as for compressed air. 

Smelting. Smelting is that metallurgical process in wliich ores 
are melted or fused for the purpose of separating ttlieir valuable 
metal constituents from the gangue or worthless portions. It con¬ 
sists essentially in subjecting the ores, mixed with sx.iita.ble fluxes, 
constituting a ‘Aharge,’’ to the action of intense heat., whereby the 
“ charge’" is rendered fluid, the gangue combining witli the duxes 
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to form a slag or scoria, while the valued metals combine to form 
an alloy or matte. The separation of the matte and the slag takes 
place while the materials are in a molten condition, by reason of the 
difference in their specific gravities. 

Smelting is performed either in a blast furnace where the fuel 
(coke or charcoal) is mixed with the charge, or in a reverberatory 
furnace in which the fuel (coal, wood, gas or oil) is burned in a 
fire-box adjoining the smelting chamber. 

Smelting may be roughly divided into two classes—Copper 
Smelting” and ‘‘Lead Smelting.” As the terms imply, these mean 
that the predominating valuable metal in the charge is copper in the 
one and lead in the other. In lead smelting the valuable product is 
“lead bullion.” In copper smelting, it is “copper matte,when 
sulphide ores are being treated, and “ black copper ” when oxide, or 
carbonate ores are being smelted. The lead bullion, copper matte 
or black copper contains also whatever gold or silver was in the ores 
constituting the charge. 

For smelting, the charge or mixture of ores and fluxes must be 
of such a composition that the resulting slag will be sufficiently 
liquid to allow the valued metal or its compounds to separate from 
the mass readily and to flow freely from the furnace. The slags 
produced in smelting consist mainly of silica, ferrous oxide and lime, 
with which there are frequently small quantities of zinc oxide, 
alumina and other materials. The amount of these materials in a 
slag are more of a commercial proposition than a metallurgical one, 
as the composition of a slag may be varied widely without seriously 
affecting the running of the furnace, or the extraction of the valued 
metals. 

Custom smelters buy ores of many kinds, mixing them tog-ether in 
proper proportions to form furnace charges of the required compo¬ 
sition, thereby making one ore the flux for another. Independent 
smelters, whose own mines do not produce ores of the composition 
required for fluxing purposes, endeavor to secure such ores from 
other sources, as otherwise they would have to add barren fluxes to 
the charge. These cost as much to smelt as ore and give mo results 
beyond their fluxing powers. Conditions are, however, rarely so 
favorable that no barren fluxes need to be added. Limestone, iron 
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sary to make a charge. For this reason it is desirable to locate 
smelters in localities where these fluxes may be easily secured. 

The fuel used in blast furnaces is coke or charcoal, or a mixture 
of the two. Coke is preferable, as it does not crush as readily as 
charcoal under the weight of the charge in the furnace shaft. The 
quantity of fuel required by a blast furnace depends upon the char¬ 
acter of the ore to be treated, the nature of the fuel itself and the 
process of smelting involved. In modern lead smelting, the quan¬ 
tity of coke required is, on the average, about 12 per cent, of the 
weight of the charge. In copper smelting with cold blast, from 8 
per cent, to 12 per cent, coke is required, while with hot blast and 
ores running high in sulphur, as little as 2 per cent, of coke has 
given good results. 

For reverberatory furnaces, coal, wood, oil or gas may be used as 
fuel. The quantity required depends upon the character of the ore, 
the nature of the fuel itself and the design and size of the furnace. 
In large, modern reverberatory furnaces using ordinary run-of-miiie 
bituminous coal, 500 to 1,000 pounds of fuel are used per ton of 
ore smelted. 

An important advantage of smelting is that nearly all ores, when 
properly fluxed, can be treated by this process. The extraction of 
the valued metals in smelting depends principally upon the character 
of the ores, but is also largely dependent upon the man in charge of 
the plant. Ordinarily it is safe to figure that practically all of the 
gold, 95 per cent, of the silver and 90 per cent, or more of the lead 
or copper will be saved. The cost of smelting depends upon the 
character of the ore, the cost of coke and labor, the size of the plant 
and its equipment and arrangement. In some large plants, equipped 
with the most modern machinery and operating under very favorable 
conditions, a cost as low as v$i.25 per ton has been attained, while 
with small plants in remote localities, where fuel and labor are 
expensive, the cost will run up to $15 per ton or higher. 

Success in smelting is primarily dependent upon having a plant 
equipped with the best and most modern machinery. The arrange¬ 
ment of the plant should be such that ample working room is pro¬ 
vided around the furnaces. Rehandling of materials should be 
avoided as far as possible and hand labor eliminated wherever it is 
practicable to put in mechanical means for performing the work. A 
smelting plant should be carefully designed, and every condition that 
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will influence the cost of operation should be carefully considered 
when the equipment is being decided upon and the plans made. It 
is often the case that a few additional dollars spent in equipment will 
mean the saving of thousands in operating expense. Even in a small 
plant a saving of a few cents per ton of ore handled amounts to 
a considerable sum at the end of a year’s run. 

A modern blast furnace for lead smelting consists essentially of a 
brick shaft resting upon a suitable mantle frame carried by four 
columns at the corners of the furnace. Below this shaft is a set of 
water jackets of steel or cast iron, which form the smelting zone, 
suitable openings being provided near the bottom of the side jackets 
for the tuyeres, through which the blast is introduced. Below the 
jackets is a fire-brick crucible encased in steel or cast-iron plates, 
and known as the “ curb.” The brick shaft may terminate at the 
charging floor, the downtake or flue for conducting away the gases 
connecting with the shaft just below the charging floor. The top 
of the shaft is covered and provided with openings for charging the 
furnace, or the shaft may extend above the feed floor, terminating 
in a stack extending through the roof of the building*, suitable open¬ 
ings being provided in the sides of the shaft at the feed floor for 
charging. In the latter type of furnace the downtake connects with 
the shaft at some convenient point above the feed floor. The down¬ 
take in either case connects at its opposite end with the dust chamber 
or flue, which leads the gases to the main stack of the plant. In the 
crucible of the furnace, the molten materials separate, the lead 
settling to the bottom of the crucible and being removed through an 
inverted syphon passage provided in the brick work o£ the curb. 
The slag passes out through a tap-hole at either one side or end 
of the furnace. 

A silver-lead furnace, as built by the Wellman-Seaver-Morgan 
Company, Cleveland, O., is shown in Fig. 173. 

Blast furnaces for smelting copper ores are similar in general 
form to those used for lead smelting, but in detail they differ from 
them materially. The internal crucible is either quite shallow or is 
dispensed with entirely, as in the case of matting furnaces where the 
molten materials pass at once from the furnace into an external 
crucible known as the ''settler” where the separation of the matte 
and slag takes place. The jackets are much higher than in lead 
furnaces, extending in many furnaces up to the charging floor. In 
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this case they are made in two tiers or sections. The tuyere boxes 
are of the rigid type and connected with the bustle pipe by light 
steel tubing. The mantle frame and supporting columns and the 



Fur 173. Silvi:r-lead Ftrxace. 

structure above the mantle frame are much the same as for lead 
furnaces. Large copper furnaces are built rectangular in shape; 
small furnaces round. 

Fig. 174 shows a round, Fig. 175 a rectangular copper furnace 
built by the Wellman-Scaver-Morgan Company, of Cleveland, O. 
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Copper converters are of different shapes and sizes, though in 
general appearance they are more or less similar to the vessel used 
for bessemerizing iron. 

Converter shells are made of heavy steel plates riveted together. 
They are supported either on trunnions or rollers, and are tilted by 
hydraulic or electric machinery. For convenience in re-lining, the 
top is separable from the body. 

The capacity of converters may vary from three to ten tons, the 
capacity of a newly lined converter being less than it is after several 

blows,” as the lining is being continually eaten away. 

An electrically operated copper converter, as manufactured by the 
Wellman-Seaver-Morgan Co., of Cleveland, O., is shown in Fig. 176. 



Fig. 176. Copper Converter. 


A hot blast is quite advantageous in the smelting of some sulphide 
ores. As a general rule, however, it has metallurgically no partic¬ 
ular advantage over a cold blast, and its use is, therefore, generally 
a purely commercial proposition; that is: Will the value of the coke 
saved by its use, after deducting the cost of fuel, labor, repairs, 
interest and depreciation in the heating apparatus, yield a sufficient 
margin to warrant its installation? 

Where coke is expensive, and coal, wood, oil or other suitable fuel 
that can be used to heat the blast are cheap, the hot blast will 
undoubtedly pay well for installation, but where the cost of these 
fuels is relatively the same as coke, the saving by its use does not 
warrant the installation and up-keep of the hot blast apparatus. 
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The foregoing, of course, assumes that hot blast will have metal- 
lurgically no advantages over cold blast. 

In the smelting of some ores, however, a hot blast is desirable and 
in some instances absolutely necessary, but as a general rule the fore¬ 
going holds true. 

In copper smelting there is no combustible gas discharged from 
the furnaces, as is the case with iron smelting, and the many devices 
that have been designed to heat the blast by means of the slag, flue 
gases, and in like ways have met with small measures of success. 

The most satisfactory means known of producing a hot blast is 
the simple '' U ’'-pipe cast-iron stove, heated by coal, w^ood, oil or 
other fuel burned in its fire-box. In these stoves the cold blast from 
the blower enters the stove from the main header over the back of 
the stove, and passing through the various “ U "-shaped pipes and 
bases, is heated by the fuel burned in the fire-box and discharged 
hot into the header over the front of the stove, and from there con¬ 
ducted to the furnace. 

A hot blast stove, as built by the Allis Chalmers Company, Mil- 
waukee, Wis., is shown in Fig. 177. 

Refuse Destructor. An extremely interesting type of a rever¬ 
beratory furnace is the Ileenan " refuse destructor, by which the 
problem of economical destruction of city refuse seems to be solved. 
Fig. 178 illustrates this furnace. The combustion air is preheated 
before entering the furnace chamber by passing through the air 
heater which is kept hot by the products of combustion. The sen¬ 
sible heat of the discharged clinkers is also utilized for heating of 
the blast, which is conveniently done by the arrangement of the ash 
pits in separate compartments. The illustration shows how the 
material is charged to the furnace, the air valves for regulating the 
volume of the combustion air, and the utilization of the sensible heat 
of the products of combustion for heating steam boilers, besides the 
air heater mentioned above. The temperature obtained in this fur¬ 
nace is always above 1300° F., which is an excellent result if the 
low thermal efficiency of the material charged into the furnace, which 
is a mixture of household ashes and rubbish, is considered. 

Calcination. The glowing of products is generally carried out in 
similar furnaces as the melting and is called calcination in the chem- 



water, from a material by means of heating. The furnace shown 
Fig. i68 and also shaft furnaces are used for this purpose. Son 
times cast-iron retorts are used for calcining. 
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evaporating furnace is shown in Fig. 179 (designed by Friedrich 
Siemens in Dresden). In this furnace the radiant heat of the active 
flame comes into effect only in the calcining space below the evapo¬ 
rating kettle. The neutral products of combustion are also taken 
off from this space C, so that the evaporating pan A is heated only 
by local circulation of the firing, which is effected by connecting 
channels ci, c 2 , xz provided between the calcining hearth and the 
pan in the space H. 

The heat of the products of combustion leaving the calcining space 



is utilized for preheating the combustion air, whereby the temper¬ 
ature of the heating flame and its capacity for heat radiation is 
increased. 

The heating of an evaporating pan, effected by local circulation of 
the fire-gases, insures the greatest uniformity in heating, long life 
of the pan, no warping of the material (cast iron), great capacity 
and low fuel consumption. It also prevents the formation of crusts. 

vSolid, liquid or gaseous fuel can be used in this furnace; in the 
furnace shown in the illustration gas firing is used, which is very 
suitable in most cases. 

The gaseous fuel goes through flue g to the furnace, is mixed 
with the air (coming from flue i) in chamber R, travels as flame 
through flue f into the calcining space, and is finally escaping through 
the chimney. The exchange of heat between the calcining space C 
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and the evaporating pan A is effected by the channels cXy C2, <73 
already mentioned. For increasing the heat of the pan, if required, 
there are also provided openings in arch G, which can be closed or 
opened (for decreasing and increasing, respectively, the heat). 



Fig. 179. Calcining Furnace. 


The openings of the channels cr, c2, C3 can also be reg-iilated by 
means of fire-bricks. The material to be calcined is transported from 
the pan to the calcining space by means of inclined planes in the 
brickwork; it is distributed and worked through the working* doors 
ai, a2. 

Water Gas. Water gas is used in this country only to a small 
extent, as the processes now employed for its production are un¬ 
economical and expensive to install. In these plants water gas is 
made by blowing steam through incandescent fuel and heating the 
latter up at certain intervals by blowing air through. Generally 
gas is made for about four to five minutes, and air blown for the 
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a poor producer gas is formed, which can be utilized only under 
favorable local conditions. The long intervals between the gas 
making periods necessitate the use of a very large holder, and in 
places where the producer gas has to be used, a second holder has 
to be installed, which means a large increase in the first cost. 

In Europe great strides have been made in this art; the first cost 
of apparatus has been considerably reduced, and the yield in water 
gas doubled. European engineers have entirely done away with 
the production of producer gas in this process. By using a lower 
layer of fuel, and an air blast of certain pressure, the making of 
water gas is carried on now continuously for eight to nine minutes, 
and then hot blowing is done for three quarters to one minute. The 
handling of the apparatus is simplified and made absolutely safe by 
an interlocking valve device. The size of the holder is decreased, 
the first cost reduced, and the introduction of this valuable gas 
greatly facilitated. These plants are used for melting, heating, 
evaporating, etc., and wherever a high temperature is required or 
an exact temperature to be maintained; also if a reaction is to be 
performed with a reducing flame; further for: open hearth and 
crucible steel melting; annealing, brazing, tempering, soldering, 
forging, etc. 

Thirty-five to forty c.f. of gas of 285 B.T.U. heating value are 
obtained by this process from one pound of coke. 

The generator, which is a cylindrical shell, lined with fire-brick, 
and provided with the necessary valves for entrance of air, etc., is 
filled with coke to a certain height and blown hot by means of a 
positive blower. During this period the air inlet valve and the 
charging door on top leading to the flue are open and the gas 
valves closed. The air enters under the grate and goes through the 
fuel to the stack. When the generator is sufficiently hot, the air 
inlet and charging door are closed, and at the same time the upper 
or lower gas valves are opened, depending upon where the gas is 
to leave the generator. Then steam is blown into the fuel until 
the gas becomes poor in quality, which can be seen from a test 
flame. Chemically the process consists of the combination of the 
oxygen of the steam with the carbon of the coal to form carbon 
monoxide, and hydrogen is liberated as represented by the formula 


H, 0 -f-C==CO + H,. 
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age composition of the water gas is: H 50 per cent., CO 
:nt., CO 3.5 per cent., N 4.3 per cent., CH^ 0.7 per cent., 
' cent. 

the quality of the gas deteriorates the steam valve is closed. 



alve and charging door opened, the gas outlet closed and 
er started. In this way air and steam are blown alternately 




FIRING AND FURNACES. 


189 


from the bottom alternately to make the distribution of the heat in 
the generator more uniform. Fuel is charged through the charging 
door after three periods of gas making. The generator is provided 
with tight doors, through which clinkers and ashes are removed. 

The air and gas valve are interlocked, so that they cannot be 
opened at the same time; when the air valve is opened the gas valve 
is locked and vice versa. This insures absolute safety. The gen¬ 
erator and all the valves are worked from a platform. The water 
gas after leaving the generator goes to the scrubber, which is filled 
with coke and sprinkled with water; from here the gas goes to a 
small holder, which serves as an equalizer. 

Direct Coal Firing. For facilitating the removal of ashes and 
clinkers and for reducing at the same time the cost of attendance, 



Fig. i8[. Ronkv Stoker. 


shaking grates are widely used in place of stationary grates. Fig. 
i8o illustrates the construction of a shaking grate. 

In large plants automatic stokers are used to great advantage, as 
they not only efifect a great saving in labor, but also allow the 
smokeless combustion of soft coal. The most popular and one of 
the best stokers on the market is the Roney stoker. Fig. i8i, which 
is built by the Westinghouse Machine Company. The coal is fed 
into a hopper extending across the boiler front, usually by gravity 
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from an overhead bin. From this hopper the fuel is automatically 
supplied to the furnace by a reciprocating pusher operated by the 
rock shaft by an eccentric. The fuel descends through the throat 
of the arch on to the upper grate bars, where it is subjected to an 
intense heat radiated from the incandescent fire-brick arch spanning 
the upper portion of the furnace. This entirely cokes the fuel and 
drives off all the volatile gases, leaving the coke, which is then 
gradually worked down the inclined surface by the rocking motion 
of the grate bars, imparted to them from the eccentric on the 
rock shaft. 

The oscillation of the grate bars not only works the fuel slowly 
down the furnace, but also keeps it constantly agitated, thus pre¬ 
venting to a large extent the formation of clinker, and bringing the 
fuel into intimate contact with the incoming air. After the solid 
combustibles have been totally consumed the remaining ash is dis¬ 
charged on to the dumping grate at the bottom of the furnace. 
The operations necessary to clean the fires are very simple. First 
the guard is raised to a position which prevents the fuel bed from 
sliding. Next the dumping grate is dropped, permitting the ashes 
to fall over the ash pit. 

In the Roney stoker all the essential conditions necessary to high 
rates of combustion and smokeless operation have been realized. 
Fuel is fed to the furnace at a uniform rate and is coked in the 
presence of a preheated air supply; the combustible is brought into 
intimate contact with the required quantity of air for complete 
combustion. 

For heating long kilns, such as are used in the cement and other 
industries, coal dust firing is extensively used. At present the 
Schwarzkopff firing, in which the coal dust contained in a hopper 
is conveyed to the fireplace by means of a rotating brush, is very 
popular. A new system of coal dust firing, the Aero,” is described 
in the chapter on Grinding.” 

Oil Firing. Steam jet oil burners are adapted for small plants 
and where the fuel is heavy and viscous. The fuel is atomized by 
means of a jet of steam, a mixture of air jet and steam, or air jet. 
The bare steam jet should be employed for spraying heavy fuel like 
tar. For light fuels a mixed jet (steam and air) or air only can 
be used. Fig. 182 shows a steam jet oil burner for tar. The lat¬ 
ter is lifted to the tank on top of the burner by means of a steam 
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jet exhauster and flows from the tank to the burner by gravity. 
5 is the steam pipe, E the steam jet exhauster, SC is the steam coil 
for heating. The tar should be heated in the tank, if possible, to 
about 150 degrees Fahrenheit. With fuel oil the regulation is 
accomplished by means of cocks, and no special heaters or strainers 
are required. 

With these burners the fire is started as follows: A scoop or 
tray containing oil is mounted on the 
fire-brick and the oil is ignited, the 
temperature of the boiler rising slowly 
but continuously. If there is steam 
in the boiler the plant is started as 
follows: 

1. Full draft is put on, so that all 
gases which might have remained in 
the fire room will draw off. This is 
done to prevent explosion. Steam is 
now carried to the heaters and the 
pump started, which circulates the oil 
through the pipe until the proper tem¬ 
perature of the oil is reached; then 
the oil is ignited. 

2. If there is no steam pressure on 
the boiler, then the warming up ar¬ 
rangement should be started. When 
starting the oil-firing plant, smoke will 
appear until the walls of the fire room 
are heated to such a temperature that 
the flame is not cooled off. When 
stopping the plant, the air admission 
has to be closed, so as to prevent an 
excessive cooling of* the boilers. 

A more elaborate type of an oil burner which insures strict econ¬ 
omy and reliable services is the Koerting patent oil-firing system 
with centrifugal spray nozzles which, as also the oil burner men¬ 
tioned above, is built by the Schutte and Koerting Co., Philadelphia, 
Pa. In this system the oil flows from the supply tank to a central 
pumping outfit, where it passes through a primary heater and flows 
through filters to a pressure pump. The pump passes it under a 



Fig. 182. Steam Jet Oil 
Burner for Tar. 
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pressure of thirty to seventy-five pounds, according to the evapora¬ 
tion required, and presses it through a second heater to the centrif¬ 
ugal spray nozzles directly in front of the boilers. In this second 
heater it is heated to 220° to 260° F., which means the oil is heated 
above the boiling or flash point at atmospheric pressure. Evapora¬ 
tion of the oil is prevented by the pressure on the pumps being kept 
in accordance with the temperature. However, the moment the oil 
leaves the spray nozzles under the boiler, the pressure is removed 
from the oil and thence it flashes into the finest atoms. This phys¬ 
ical action is assisted by the mechanical atomizing of the centri- 



Fig. 183. Koertimg Patent Oil Firing System. 


fugal spray nozzles, the result being a perfect and intimate mixture 
of the air with the oil. This gives the desired result of a smokeless 
and perfect combustion. The installation of such a burner is shown 
in Fig. 183. 

The application of the centrifugal sprayer obviates the defects of 
the steam jet system, and secures several important advantages. In 
spraying crude oil or fuel oil, etc., by means of steam jets, a certain 
portion of the heating value of the fuel is lost, as the steam has 
to be raised to the furnace temperature, and, being used for spray¬ 
ing, is lost to the boiler. With the nozzle system there are always 
two pumps installed; one in reserve; two filters are furnished, to 
be used alternately, and the pressure pipe from the pump is pro- 
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for heating, is recovered as condensed steam and returned to the 
boilers. A steam pressure reducing valve maintains a constant 
pressure and minimizes the attendance. An overflow and safety 
valve prevents the oil pressure from rising, which obviates a waste 
of fuel. An air vessel, which maintains a uniform velocity in the 
pressure pipe line, forms part of the apparatus. Oil and steam 
pressure gauges, thermometer and oil line complete the outfit. 



CHAPTER XI. 


SEPARATING. 

Filter Presses. There are man}- people to-day operatini2f large 
plants who, if they understood the applicability of the filter ju'css 
to their particular case, could effect considerable saving by the 
recovery of materials which to-day are going to waste, or by im¬ 
proving their present methods of filtration. 

As in large industrial operations it is desirable that the process 
of filtration be conducted with the greatest possible economy, the 
selection of the proper kind of filter press is of great inp^ortance. 
Those herein described and illustrated are manufactured by T. 
Shriver and Company, Harrison, N. J., the largest manufacturers 
of filter presses in the United States. 

In its simplest form a filter press consists essentiallv of a series 
of chambers, formed either by recessed plates (Fig, 184) or by 



Fig. 184. Recessed Fjlterpress. 


flush plates with frames between them (Fig. 185). These plates 
and frames have a lug or handle projecting from each side, the 
lugs resting on a pair of parallel bars. 

One end of each of these bars is secured to the front or head 
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or follower is forced up against the plates by means of a heavy 
screw or hydraulic plunger in a yoke or screw standard, to which 
the rear end of each bar is secured. 

Over the surface of each plate is stretched the filtering medium, 
either cloth or paper, or, in some cases, both. The material to be 
filtered is pumped in through a channel in the head of the press 
and is distributed over the surface of the filtering medium, the liquid 
passing through and out of the 
cored channels in the plates, 
while the solid material is re¬ 
tained on the surface of the fil¬ 
tering medium, gradually filling 
the cham])ers until a solid cake is 
formed in each. The press is 
then opened and the cakes are 
removed. It is then closed again 

, . . hlLTERPRI'SS. 

and the operation repeated. 

In the “ recessed filter press ” the material to be filtered is pumped 
in through a channel in the center of the head and passes on through 
a hole in the center of each plate, thus filling all chambers simul- 



Fig. 185A. Flush Plate and Frame Filterpress for Varnish Works. 

taneously, and the filtrate runs out through cocks or bibs provided 
near the bottom on the sides of the plates. It runs into a trough, 
which is connected by piping with a suitable tank or receptacle. 
The advantage of using cocks is that in case a single cloth breaks, 
that plate may be shut off and the filtration continued. 

The flush plate and fi^^ filter presses have the inlet on one 



Fic. 185. Flush Plate and Frame 
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side of the head instead of in the center, and the material passes 
along through holes in the handles of the plates and frames. This 
cored channel is kept from leaking by using rubber collars inserted 
in the holes of each plate. In this type no holes have to be cut in 
the cloths. 

The thickness of the cake varies from one to six inches; with 
materials that form a dense cake thin cakes have to be produced, 
and vice versa. 

For freeing the cake in the filter press from adhering liquid par¬ 
ticles, most filter presses are provided with a washing arrangement, 
by means of which the cakes can be washed with water, diluted 
acids, lyes, benzene, alcohol, etc. For this purpose one extra chan¬ 
nel is provided in every filter plate and chamber respectively. The 
channel has an inlet to the surface of every second plate only, the 
outlet cocks of which are closed, and the washing liquor passes 
behind the cloth (f. e., behind the cake) into the press, goes through 
the first filter cloth, then through tlie cake and leaves finally through 
the outlet cock of the other plate, carrying along the liquid displaced 



Fig. i86. Standard Filterpress. 


from the cake. The object of Avashing the cakes is either to pro¬ 
duce as pure a solid as possible, or to recover the liquid, which 
would otherwise remain in the cake. The cake can be treated, 
while in the filter press, wdth any liquids for dissolving soluble com¬ 
ponents from the cake. 

In certain cases the mass to be filtered has to be kept hot or cold 
during filtration; hence for these pur^^es, channels or coils are 
provided in the plates for the circula1^|||»f steam, hot water, cold 
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Heated chambers are used for materials that can be filtered only 
in molten state (wax, ceresiae, etc.) or for liquids from which salts 
would crystallize out at a low temperature. Cooled chambers are 
used, if substances are to be separated, which solidify at a low 
temperature only (clarification of cod liver oil, etc.). 




No. t7. TVI-. H. j.Buuon P!ai«. 


Fig. i88. Arrangements of Channels in Filterpresses. 


A very popular type of filter press is shown in Fig. i86, while in 
Fig. 187 a monster filter press is illustrated. 

In Fig. 188 are shown the most common arrangements of the 
various channels. The cases shown differ from each other with 
respect to the following four points: 

I. The filtrate discharge outlets may be closed or open or regu¬ 
lated by means of cocks. ‘ . 
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4. Feed channels may be cither inside or outside o£ the plates. 
With outside channels it is unnecessary to cut a hole in the filter 
cloth, so that its life is prolonged. 

The materials used in the construction of filter presses depend 
upon the liquids to be filtered. For the liquids which do not attack 
iron, iron is the best material. For acids, wood (Fig. 189), bronze 
or hard lead is used; and of late aluminum filter presses have come 
to the front. 

For filtering volatile materials the filter press shown in Fig. 
can be used, since in this type the filtrate is discharged through a 
pipe at one corner of the head and therefore can be kept from 
exposure to the atmosphere. 

Fig. 190 illustrates the pyramid surface on filter plates which has 
decided advantage over the corrugated surface or screens, having 
27 per cent, higher efficiency than the cqrru- 
gated surface and 70 per cent, higher than the 
screens. In using a screen the filtrate passes 
through the cloth only where the holes in the 
screen occur. With the corrugated surface the 
filtrate passes through the cloth only at the cor¬ 
rugations, but with the pyramid surface the 
filtrate passes through the whole surface of the 
cloth, with the exception of the very small sur¬ 
face on the top of the pyramids. 

The closing devices mainly used on filter presses are easily under¬ 
stood from the illustrations (Fig. 191). 

The outlet cocks also play an important part in the successful 
operation of a filter press. The flap cocks (Fig. 192) are especially 
designed for this purpose. They are very simple in construction 
and cannot get out of order; the cored channel through which the 
filtrate passes is large in area and there are no obstructions. To 
close them, a flap faced with rubber or leather, as the case may 
require, is pressed down with a handle against a faced end on the 
cock, and without any undue pressure will close the cock, so that 
it will stand a very high pressure without leaking. 

For obtaining perfectly clear solutions, which is quite difficult by 
the use of filter cloths, a so-called three-chamber press has been 
constructed, in which filtration is effected by sand, etc., contained 
in the press, instead of using cloths. Fig. 193 shows the general 
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arrangement; between two frames a plate c is provided, while at 
the other sides of the frames a the plates b are arranged. The 
plates b and c serve for discharging the liquid during the prepara¬ 
tion of the filter. The filtering material—sand, coal, etc.—enters 
the frames a at the top in a form of a thin paste and is transformed 



Fig. 192. Flap Cock. 


into a solid cake, while the liquid runs off through the corrugations 
of the plates b and c. 

After the filter has so been formed in the frames a, the plates c 
are replaced by plates d, while the plates b and the frames a remain 
in their place. Now the material to be filtered enters at the top at 
d, passes from right to left through the frames which are filled 
with sand, coal, etc., and the liquid is discharged perfectly clear 



Fig. 193. Three Chamber Press. 


through the cock of plate h. These presses are built of iron and 
wood, with or without washing arrangement. 

A filter press for experimental laboratory purposes is built bv 
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and should be performed in suitable washing machines, as shown 
in Fig. 194. Such machines are also furnished by T. Shriver and 
Company. 

Centrifugal Separators. Another appliance for separating liq¬ 
uids from solids is the centrifugal. In this machine the solid mate¬ 
rial to be separated from the liquid is pressed by the centrifugal 
force generated by the high speed of rotation towards the walls of 
the basket, while simultaneously the liquid escapes through the 
perforations of the basket into the curb. These machines are used 
in finishing establishments and 
bleacheries for drying yarns and 
textiles, in the paper industries for 
drying wood pulp, and in the sugar 
and starch industries for drying the 
re.spective substances. 

The centrifugals are, according to 

local conditions, either belt driven or 

direct connected to electric motors. 

Both of these types arc built cither Washing Machine for 

, , . , . Filter Cloths. 

with under drive or upper drive. 

On account of the high speed at which these machines are oper¬ 
ating (900-1,200 revolutions per minute, according to size, i. e., an 
average surface speed of 10,500 feet per minute) great strength 
and careful construction is an absolute necessity; as grave accidents 




Fig. 195. Centrifugal Haskf.t and Drum. 


might occur with a machine not properly built, centrifugals should 
never be bought from irresponsible concerns. 
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On the basket itself depends much of the centrifugals strength. 
Whenever the materials to be treated permit it, the baskets should 
be made of heavy hammered copper and bound by steel bands (as 
shown in Fig. 195, in which basket and drum is illustrated). This 
absolutely prevents them from bulging when running at a high rate 
of speed. In well constructed machines the copper bottoms of the 



basket are reinforced by stout iron flanges. The perforations are 
first punched out, then countersunk by hand, so as to insure a per¬ 
fectly smooth inner surface. 

According to the material to be treated, the interior of the centrif- 
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The construction shown in Fi^. 196 is built by the American Tool 
and Machine Co., Boston, Mass. 

A belt-driven centrifugal (upper drive) and a ten-inch centrif¬ 
ugal for laboratory or experimental use, both built by the above 
company, are shown in Figs. 196 and 197 respectively. The large 


Fig. 197. lo-iNCH Centrifugal. Fig. 198. 5 -inch Hand Centrifugal. 

type is built in three sizes, viz.: 30 inches, 36 inches and 40 inches 
diameter. 

They also build a five-inch hand centrifugal for laboratory test¬ 
ing purposes, as shown in Fig. 198. 

It has to be borne in mind that 
the charge in the basket has to 
be uniformly distributed before 
starting the operation. 

Other Filtering Appliances. 

For filtering thick masses vacuum 
filters are used, the vacuum being 
produced by means of a steam jet 
blower for a vacuum pump. For 
the handling of acids these appa¬ 
ratuses are made of lead or clay. 

Fig. 199 shows the application of 
a Koerting steam jet exhauster 
for assisting filtration. 

M. Garros recommends asbestos porcelain as filtering mass for 
strong acids. This material is prepared by grinding asbestos to a 
fine powder and washing the latter first with muriatic acid and then 
with pure water. The plastic mass so obtained is burned at about 
1600° C., and shows after cooling such fine pores that it can be used 
successfully as filtering material. Another method of separating 
solids and liquids is the application of sand and other filters. For 
this purpose basins are built in which layers of pebble, gravel and 
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sand are provided, the latter being supported by perforated plates. 
The water to be filtered enters on top, flows to the three layers and 
finally reaches, in a pure state, the pipe line provided below the per- 



Fig. 200. Filtering Device. 


forated plates.- The operation of these filters is rather slow, gravity 
being the only active force. If a quicker method is desired, pres¬ 
sure has to be applied, as for instance, in the Jewell filters. 



Fig. 20T. Blaisdell Filter. 


If the water is only cloudy and its filtration meets with great 
difficulties the following device is to be recommended (Fig. 200). 
The reservoir H contains the water to be filtered; tank M contains 
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a thin pulp of cellulose or fibrous asbestos with water. F is the 
filtering apparatus proper and the purified water runs off into R, 
F is built like a filter press and contains a number of chambers, the 
walls being formed by metallic sieves. 

At first the thin pulp or paste is passed (from AI) into the filter 



Fig. 202. Blaisdell Filter. Fig. 203. Kelly Filter. 


F, where it is uniformly divided. The arrangement is somewhat 
similar to the three-chamber press mentioned above. The water 
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into tank R. When the filtering mass becomes inactive, it has to 
be removed and washed, before being put to use again. 

For filtering slimes the Blaisdell pressure filter can be used. This 
filter, which is illustrated in Figs. 201 and 202, contains a series of 
filter leaves, depending in number and size upon the capacity de¬ 
sired, a pressure cylinder and pumps for vacuum, slimes, water and 
solution, with pipes and valves. 

With a pressure of 25 to 50 pounds per square inch in the pres¬ 
sure cylinder, the clear water or solution is rapidly forced into the 
interior of the filter leaves and out through the discharge pipe to 
the water or solution tanks, the slime remaining as a cake on the 
outside of the filter leaves. This process is continuous and is carried 
on without interrupting the flow of slime to the pressure cylinder. 
As soon as a cake of sufficient thickness is formed, clear water, under 
a greater pressure than exists within the cylinder, is admitted to the 
interior of the leaves in groups. This excess of pressure causes the 
cake on that particular group of leaves to 
fall through the slime to the bottom of the 
cylinder. The thickened material accumu¬ 
lating on the bottom of the cylinder is dis¬ 
charged from time to time. 

The Kelly filter, shown in Fig. 203, consists 
of a tank in which a carriage runs on tracks 
carrying the filters. Whenever the filters 
are heavily charged with separated solid ma¬ 
terials, and it is desired to remove the col¬ 
lected solid material from the sides of the 
filter frames, the carriage is run out of the 
T, « tank onto an exterior trackway. 

The construction of the Butters filter is 
based upon the same principle. 

Presses. Presses are mainly used in the chemical industries for 
separating solids from liquids. 

The simplest type which can be used for this purpose is the screw 
press (Fig. 204). The material to be dried is filled into bags or 
wrapped up in cloths and then put into the press. The various bags, 
etc., are separated from each other by means of metallic or wooden 
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Fig. 205, which is built by Werner and Pfleiderer, Saginaw, Midi., 
is extensively used. These presses are strongly built and are con¬ 
structed so as to require not more power than hydraulic presses of 
the same capacity. They are very simple and can be handled with 



Fig. 205. Screw Press. 


perfect ease and safety. They are driven by a special reversing 
apparatus, provision being made to prevent them from being started 
in the wrong direction. They are started by moving a hand lever 
and are brought to a full stop automatically through an arrangement 
which stops the press when the piston has traveled to the prescribed 
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limit, either at the top or bottom. When in the highest position, the 
piston is swung backwards on a hinge, a suitable catch making it 
impossible to start the press from this position, but it is necessary 
that it be swung forward in place again, before the press can be 
started, thus preventing the numerous breaks which occur so often, 
when the operator forgets to put the piston in the proper working 
position. These presses have two speeds, fast and slow, in both 
directions. 

For chemical work the hydraulic presses. Fig. 206, are of greatest 
importance, since their requirements as to power and attendance are 



Figs. 206, 207. Hydraulic Press. 


small. The construction of the hydraulic presses is based upon the 
principle of the uniformity of pressure in liquids contained in closed 
vessels. The press consists of two separate parts—the press proper 
and the press pump. The press pump is a plunger pump provided 
with automatic relief set to a certain pressure, which naturally varies 
according to the nature of the material to be pressed. 

The pressure produced by the press pump is transmitted from the 
liquid of the pump (water, glycerine or a mixture of both) to the 
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licjuid in the cylinder of the press, whereby the same pressure is 
exerted upon the unit of area of the piston of the press as upon the 
unit of area of the piston of the pump. 

The material to be pressed is handled in the same manner as with 
a screw press. If the pressing is to be performed at a high temper¬ 
ature, the plates separating the layers (cakes) have to be heated by 
steam. One press pump is sufficient for several presses. 

Fig. 207 shows a press arranged with flat iron plates to which are 
to be attached hair cloth mats both top and bottom, and the material 
to be pressed placed between the mats in bags or cloths. The plates 
are guided in their movement both up and down, and when press 
ram is lowered each plate rests upon its own support on the side 
frames, pins being screwed in the plates for this purpose. A gutter 
surrounds the press for the collection of the oil. The use of plates 
allows about double the amount of material to be pressed that could 
be placed in a box press. 

For some materials corrugated steel plates, which do not require 
matting, are much preferable. 

Separation by Crystallization. For separating a dissolved salt 
from its solvent or from a mixed solution, various methods can be 
used. If the substances have the property of being precipitated by 
concentration, the solutions are evaporated and the separating crys¬ 
tals are continuously removed. 

There are cases (Glauber Salt, etc.) where no direct precipitate 
is obtained during evaporation, but where it is necessary to cool the 
solution. The solid substances are then allowed to separate by 
crystallization in suitable vessels. 

For efifecting a uniform crystallization throughout the liquor, 
hooks made of steel or copper wire are suspended into the same, by 
means of which the crystals can be easily lifted out of the liquor. 

If no hooks are used, the crystals formed fall to the bottom and 
the mother-lye has then to be syphoned off. If crystals deposit on 
the walls of the vessel they can be knocked off and removed by 
means of perforated spoons. Or, perforated pots are put into the 
vessel and the mother-lye entering the pots is syphoned off. 

Separation by Extraction is used for separating the soluble com¬ 
ponents from a partly soluble substance. The high pressure fre¬ 
quently applied during extraction is produced by either steam or 
compressed air, depending upon the nature of the material to be 
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The extractor generally used for dycwood, tanhark, etc., i.N a 
vertical cylinder, provided with a charging- and dischargnig opening, 
water and steam inlet and solution outlet. 'i'lie annatiire c<insists <i f 
a manometer, thermometer and two test cocks. 

If several of these apparatuses are connected to a battery, tlie 
connection is made in such a manner (Fig. 208) that the final solution 



of the first apparatus is utilized for eluting the fresh charge of tliu 
second apparatus, -whereby the concentration of the solutions is 
increased. The apparatus to be discharged first, gets the fresh 
W'ater, while the more concentrated solution is taken from the aj i; la- 
ratus charged with fresh material. 

An apparatus for extracting at high temjieraturc and onlinary 
pressure fats, oils, rosins, etc., by using benzine, bisuliihide of carhon. 
alcohol, etc., as solvents, is built by Josef Merz in llruenn ("Austria ). 

The vessel C (Fig. 209) contains at the bottom a steam coil (J. 
and above it a reservoir L, which is charged through the manlioU- d 
with the material to be extracted. From the re.scrvoir F, which is 
combined with the cooler R, the solvent i.s allowed to flow into 1 .. 
As soon as the level of the solvent exceed.s the height of .syjilion v, 
it is drawn into C. In C the solution is evaporated, the vapors rise 
along the wall of the reservoir L, heating its content aiul fin.ally 
arrive at coil 5, where they are condensed. The warm lic|uid “ rains ” 

back into L and after rising to the height of the .syphon, again 
g'oes into C, 
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This automatic circulation is interrupted, when a sample taken at 
.1/ shows that the extraction is finished. The cooling water in i' 
stopped, the vapors of the solution flowing from L into C travel to 



Fig. 209. Extraction Apparatus. 


cooler R and are collected as liquid in reservoir V, The last traces 
of the solvent are removed from the extract and the spent material 
by means of direct steam. 

The extract is discharged through W and the extractor L at J/. 
This apparatus permits intermittent and continuous extraction. In 
the latter case the flow of the fat-solution is so regulated that the 
level of the liquid in L is kept constant by the evaporated and regen¬ 
erated solvent. 

This universal extractor affords perfect safety against ignition 
and explosion, insuring a minimum consumption of the solvent, 
simple and economical operation and absence of odors. 

A twin apparatus for extracting essential oils is showm in Fig. 210. 
It consists of two stills which can be heated by leading steam into the 
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ratiis. The solid substances to be treated in the extraction apparatus 
rest upon a perforated plate. 

After charging the apparatus with the solid substances and the 
extracting liquid, the steam valve is opened, whereby the extracting 
liquid is vaporized. This vapor travels through the substance, rises 
upward along the dissolved components and enters the cooler. 



Fig. 210. Twin Extractor. Fig. 211. Refining Camphor. 


\\ hen leaving the cooler it is tested as to its “ extract ” contents, and 
recharged until it shows the concentration required. 

Separation by Sublimation. This process, in which gaseous dis¬ 
tillates are directly solidified without passing through the. liquid 
stage, is employed in the case of iodine, salammoniac and camphor. 
Fig. 211 shows a simple apparatus for subliming camphor. The 
refined camphor forms a solid cake at the top of the vessel, while 
the impurities remain as a residue on the bottom. 


-j----- Separation by Settling and Freez- 

ing. Liquids of different specific 
gravity which do not mix can be 
atct -1:TL-WT - separated by allowing the heavier 

liquid to settle. The apparatus (Fig. 
r-UTT mf'c r 'HiE 212) has near the bottom an open- 

:- c: irig, to which an S-shaped overflow 

connected. If a layer of oil is 
^ “ -- ^ floating upon the water, only the 

w” " PiP'- « 

^C) be collected, the water is 
e off until Its surface is on the same level as the cock at the left 
side. Then the oil is allowed to run off through the cock. 


Fig. 212. Separation of Oil 
FROM Water. 
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Sometimes liquids are separated by cooling and rennoving the 
frozen part from the liquid (Lunge’s monohydrate process K 

Separation by Dissolving, Eluting and Decanting. 
nets obtained by chemical reactions frequently consist of several sub¬ 
stances of various composition, and thence, it is necessairv to treat 
the products of reaction further for separating their components. 
This treatment depends entirely upon the property of tlie mass to 
be handled; if the latter is perfectly soluble, it is treated with a 
liquid until it is completely dissolved, and then the individual com¬ 
ponents of the solution so obtained are separated by varioins methods. 
If the product of reaction is only partly soluble, a solution is also 
made in a suitable solvent and the solution obtained is separated 
from the insoluble solid components by operations, such a.s filtering, 
etc. According to the solubility of the mass, various methods are 
used for effecting a complete recovery of the soluble coinponents. 

Wherever water of ordinary temperature can be used, this nat¬ 
urally will be done, but in cases where cold water is not effective, 
hot water or steam has to he employed. This operation can be per¬ 
formed in open or closed vessels, and the decision in tlais selection 
will depend on the fact whether high steam pressure is required, and 
if during the solution detrimental vapors are generated. 

In many cases, in place of water, a dilute solution of tlie substance 
to be recovered will be used, as thereby the same is gradually con¬ 
centrated, which means a considerable saving of coal in the evapo¬ 
ration, eventually to be performed for final concentration. 

For increasing the velocity of the dissolving process and for 
obtaining solutions nearer to the point of saturation in. open and 
closed vessels, stirrers are used similar to those used in mixing 
machines. 

Vertical stirrers are to be preferred to horizontal ones, as in the 
latter the stuffing boxes of the shaft are exposed to a considerable 
wear, partly because they are always in the solution, coming con¬ 
tinuously in frictional contact with the solid particles contained in 
same, and partly as the entire pressure of the stirrer or agitator 
against the mass, and the weight of the stirrer has to be carried by 
them. A further disadvantage of the horizontal constrriction is the 
higher cost of repairs. 

In vertical stirrers only one stuffing box is required, wliich is pro¬ 
vided on the top, and which, in closed vessels, has to be only steam 
tight, as the solution does not come up so far. 
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The residuum obtained by the separation of the insoluble solid 
substances from the liquid (by simple filtering, centrifugals, etc.) 
contains generally so many liquid particles still enclosed, that the 
recovery of same is of advantage, and in some cases even absolutely 
necessary. Hence in filter presses the residuum is washed by mc.ins 
of water, diluted solutions of the respective liquid or by means of 
other liquids, either until the residuum is of the purity required or 
as long as the wash water obtained allows an economical using over 
of same. Similar conditions prevail with material obtained from 
centrifugals. 

If only the solid components are to be recovered, the wash waters 
obtained in the various stages are not separated; however, they are 
separated according to the specific gravity, if the solutions are to be 
worked up. This is done most conveniently by connecting the out¬ 
lets of the respective filtering apparatus with a main pipe line, and 
by leading the liquids therefrom, according to their specific gravity, 



Fig. 213. Shanks Apparatus. 

through various pipe lines to the storage vessels. The liquids of 
sufficient strength can now be worked up directly and the thinner 
liquids can be used as eluting liquor for enrichment. The proper 
selection of the eluting or washing arrangement and the limit to 
which these operations are carried on, is frequently of great impor¬ 
tance for economy. 

The materials used in the construction of these apparatuses depend 
upon the property of the solution; the construction and the operation 
of these apparatusesj again, depend upon the materials. 

A dissolving apparatus which is used to some extent in the soda 
industries (Leblanc system) is the apparatus of Shanks, Fig. 213, 
which is based upon the fact that the specific gravity of a solution 
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increases with its concentration, and that a column of a weak solu¬ 
tion is kept in equilibrium by a lower column of a stronger solution. 
The tanks are arranged on the same level; water, passing through 
the tanks, is dissolving or .eluting the material and is getting con¬ 
stantly more and more concentrated. The column of the liquid is 
decreasing in height from tank to tank, from the first which contains 
pure water, to the last, from which the concentrated solution is 
running off. The tanks are provided with false bottoms, made of 
perforated sheet iron. A pipe T, open at both ends, and having a 
diagonal section at the bottom is reaching from the bottom of each 
tank to the surface. Each of these pipes T is provided at the top 
with a short horizontal pipe t, connecting one tank with the other. 
By means of the water pipes r each tank can be filled with water. 
Cocks R for discharging the solution are provided below the false 
bottom. For crude soda ash four washings are generally sufficient. 

A very simple and effective apparatus for rapidly dissolving, lixiv¬ 
iating, mixing and agitating such materials as chloride of lime, 
salts, sulphate of alumina, sulphate of ba¬ 
rium, etc., at an exceedingly small expense 
of power, without the use of steam is the 
machine shown in Fig. 214, which is built by 
Werner and Pfleiderer, Saginaw, Mich. In 
this apparatus the material to be treated is 
drawn with the liquid by means of a tangen¬ 
tial wheel into the interior of the same and 
is thrown out sideways with great force. 

As the material passes through the interior 
of the tangential wheel, up the wall of the 
egg-shaped trough, and in the axis of the 
trough to the tangential wheel, there are 
many changes of the direction of motion, which result in an ener¬ 
getic treatment of the material. 

A decantation tank as built by the Allis Chalmers Co., Milwaukee, 
Wis., is shown in Fig. 215. It is of conical bottom shape and fur¬ 
nished with piping and centrifugal pump so that, after settlement is 
effected and the supernatant solution is decanted, additional solution 
or wash water may be introduced and thoroughly mixed with the 
solid material through the medium of agitation, employing a cen¬ 
trifugal pump, after which subsidence is permitted, followed by 



Fig. 214. Dissolving 
Apparatus. 
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Digesters. If liquids are to be heated to a temperature above 
their boiling point, u e., if the work is carried out under pressure, 
especially constructed apparatuses are used, which are called diges¬ 
ters. Digesters, like many apparatuses used in chemical engineering. 



are generally built to order, according to the designs of the chemical 
engineer of the firm which places the order. 

These are cylindrical or spherical vessels, which are, correspond¬ 
ing to the pressure generated, of heavy construction and generally 
provided with a removable cover on top, which allows the cleaning 
and inspection of the interior space of the apparatus. 
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•es, thermometer tube and manometer and are heated, bv niea-'- 
;team or direct firing. The latter either heats the w-ails direct, 
if a double wall is used, the heat transmitting substance, water, 
or alloys (Fig-. 216). 

; is frequently necessary to use digesters, which are provid.ed 
1 stirrers. 

s regards the materials to be used in the construction o f digester- 



“I" 

Fig. 216. Digester 


5 obvious that they have to be selected according to tlio properties 
the substance to be treated in the apparatus; digeste-rs made of 
t iron are most frequently used; if necessary they are: lined with 
i or provided with an enameled lining. Wroughtiron a.nd copper 
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These apparatuses, which are 
built in various sizes, require, 
on account of the danger of 
operation, special care in the 
making. Hence a special brand 
of cast iron is used for prepar¬ 
ing the castings. The bolts are 
made out of rivet steel. Before 
being used these apparatuses 
are being tested at a pressure 
of TOO to 200 atmospheres, de¬ 
pending on the pressure which 
they will have to stand in the 
regular operation. 

The digester built by H. W. 
Dopp Co., Buffalo, N. Y., con¬ 
sists of a steam-jacketed kettle 
provided with a strong domed 
and ribbed cover clamped, with 
steam-tight packing, to the 
kettle by means of eight cam 
clamps. The cover can readily 
be undamped and thrown back 
on a loose hinge by means of a 
light tackle. 

Separating Solids from 
Solids. The separation of sol¬ 
ids from solids is performed by 
various appliances, according to 
the size or according to the spe¬ 
cific gravity of the materials 
contained in the mixture. 

Screens. The separation of 
substances according to their 
size (''sizing'') is a matter of 
great importance in metallurgy 
and is generally performed by 
means of screens. Fig. 217, 
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wire cloth. In concentrating works three, four or more screens 
are frequentl}^ combined to one unit. The first screen sepa¬ 
rates out all pieces too large for the ore treatment processes, 
so that they may be returned to the crushing machinery. The 
remainder passes through the perforation of the first screen, and 
is conveyed to the second screen, which has finer perforation or 
meshes and is placed at a lower level, and so on through the set, 
each screen furnishing a product sized between the limits of the 
size of its own perforations and the perforations of the proceeding 
screens. 

Inclined vibrating screens are also frequently used, the fineness 
of the separated product being dependent on the angle of inclina¬ 
tion at which the screens are set. 

Jigs- The oldest appliance for separating materials according to 
their specific gravity is the Hartz jig (Fig. 218). The essential 
features of this jig are: A two- 
compartment water tank, the com¬ 
partments being connected together 
at the bottom of the tank; a hori¬ 
zontal sieve near the top of one com¬ 
partment, and a plunger having an 
upward and downward movement 
produced by various devices, such as 
cranks, eccentrics, etc., in the other 
compartment. When ore properly 
crushed with its accompanying rock, 
earth, etc., is fed to the jig over the 
wire sieve, and both compartments 
are filled by a continuous flow of 
water and the plunger is set in mo¬ 
tion, its downward stroke will force 
a quantity of water into the other 
compartment and upward through 
the wire sieve into the mixture 
of ore and gangue resting on it. The force of this upward flow of 
water through the mixture raises it off the wire sieve and for an 
instant holds it in suspension; the heavy ore or concentrates 
settles to the sieve, and the rock, earth, etc., are driven to the top, 
where they are freed from the jig by a current of water flowing 
over the wire sieve. 
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The fine concentrates go through the sieve into the tank or 
hutch of the jig, from whence they are removed through a hutch 



cock. After a bed, varying in thickness from to 3 inches, of 
coarse concentrates has accumulated on the sieve, the accumulating 


Fig. 2ig. Modern Jig. 
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surplus is removed through a “ side draw or other types of ore 
bed draws. 

The jigs are built with a varying number of compartments from 
one to six; they are placed one after the other in succeeding lower 
levels. The number of strokes of the plunger varies under differ¬ 
ent conditions, from 75 to 300 per minute. A modern jig is shown 
in Figs. 219 and 220; it operates as follows: 

Let ore be fed to the jig, and the tank filled by a continuous 



3 «lCTr IOA* - /K-Er 


Fig. 220. Modern Jig. 

supply of water which just covers the plunger and the machine 
started in motion. As the cam revolves and the roller drops off its 
highest point, a quick downward stroke of the plunger is produced 
by the tension of the spring underneath the fixed I beam. The 
length of this stroke is adjusted by the nut above the beam which 
supports a rubber buffer on which the nut drops. The effect of 
this quick and positive downward drop is to force outward the 
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pieces of rubber belt on the sides of the plunger against pieces of 
enameled steel secured to the walls of the plunger compartment, 
and to deliver all the force of the stroke on the ore bed opposite, 
raising it off the wire sieve and leaving it in the desired condition 
of suspension in the water. 

The length of stroke, excepting in unusual cases, varies from 
three eighths to three quarters of an inch only; hence, when the 
roller drops off the high point of the spiral cam it does not touch 
its inclined plane surface leading up to the high point again, until 
a large portion of the revolution of the shaft has been completed. 
This affords the period of absolute rest for the plunger, a positive 
requirement to a perfect jig, and which permits gravity alone to 
act on the ore and gangue. When again the roller strikes this in¬ 
clined plane surface of the cam, its upward stroke to its highest 
point is comparatively slow, the flap valves on its sides instantly 
yield and allow the water to flow past them to All the vacuum below, 
and all tendency to produce the dreaded suction in the ore bed is 
completely stopped. 

Coal Washeries. Washed coal is so named from its hydraulic 
separation from impurities, such as slate, sulphur, clay, etc. The 
speciflc gravity of coal is about 1.28, while that of the impurities 
is much higher. It is the usually accepted practice in washing to 
save as coal, material having a specific gravity of 1.35 and less, 
and to reject all material of a specific gravity over 1.45, because it 
does not contain enough coal to be worth saving. 

Complete coal washing requires three separate processes: 

1. The separation of the coal. 

2. The actual washing or mechanical separation from the 

impurities. 

3. The recovery of the washed coal and refuse from the water, 

and the disposition of these products in suitable bins for 
subsequent removal. 

To prepare the coal it is crushed to nut and screened into four 
or five sizes to facilitate the washing and sale of the clean product; 
or in a plant exclusively for coking, reduction of all the coal to a 
size of -J inch or less. 

The scientific washing of coal has reduced itself to the use of 
the jig, of which there are two general types: 

I. Where the water is caused to pulsate through the material to 
be washed by the action of a plunger. 
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2. Where the material is carried in a box with perforated bottom, 
which is moved up and down in a tank of water. 



Fic. 22T. Link-Belt Luhrig Jig. 

The Link-Belt “ Luhrig ” Jig (Figs. 221 and 222) belongs to the 
first class and is the best known and most extensively used in this 
country and abroad. By the Luhrig process, coal is accurately 



Fig. 222. Link-Belt Luhrig Jig. 


graded to size, two styles of jigs, as shown, being used: one adapted 
to nut coal and the other to the finer sizes. 
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The Link-Belt “ Stewart ” Jig, Fig. 223, gives good results with 
the coarser sizes of coal, but because of the size of screen and vio¬ 
lence of agitation necessary to proper separation of the coarser 
refuse from the coal, it is not suited to the finer materials. 

Concentrating Table. A concentrating appliance which is widely 
used is the concentrating table. Fig. 224 shows the Overstrom 
concentrator, which is manufactured by Allis Chalmers Co, This 
machine is a diagonal table, with the table top placed diagonal to 
the line of reciprocation, for the reason that in concentrating min¬ 



eral particles on a table three forces are employed: Gravity, recip¬ 
rocating motion, flow of wash water. 

Gravity acts on the mineral particles, forcing them downward, 
the heavier particles occupying the lower stratum. 

The reciprocating motion of the tables tends to bring the par- 
tides of ore forward in the direction of the line of reciprocation. 
This motion has a greater action on the particles of mineral, as they 
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The flow of wash water, transverse to the reciprocating motion, 
produces a greater movement of the gangue or silica than of the 
mineral particles, owing to the diflference in specific gravity, and 
washes tlie particles of the lighter gangue a greater distance in a 
given time. As the gangue is on top of the mineral, it is acted 
upon more freely by the wash water, until a final separation takes 
place. 

Of the three forces employed, gravity acts in a vertical line, while 
the reciprocating motion and the flow of wash water act in nearly 
transverse horizontal lines. 

The resultant of the two horizontally acting forces is a line diag¬ 
onal to both. Consequently the travel of material, both mineral 
particle and gangue, is in a diagonal direction. For these reasons 
this table is built diagonally to the reciprocating force and to the 
flow of wash water. The long feed box provided on the table dis¬ 
tributes the feed evenly over a large surface, and as a result of the 
shaking, the box becomes an especially efficient sizer in itself. 

Washing Sand. A separating apparatus, which is used for wash¬ 



ing sand, is built by the Schutte and Koerting Co., Philadelphia, Pa. 
Such a plant is illustrated in Fig. 225 and consists of a series of iron 
boxes B placed in one or more rows, or in a circle, and in each of 
the boxes is installed a water jet eductor A. In the first box, the 
sand, which is to be washed, is admitted at / and at the same time 
is stirred by means of a clean water jet at X. The sand eductor 
is operated by means of clean water taken from pressure pipe P 
and lifts the sand to the second box. As the sand or gravel is 
heavy it drops to the bottom of the box, while the water mixing 
with the dirt on account of violent stirring, rises and overflows 
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together at 0 . In this manner there is obtained a perfect cleans¬ 
ing of sand by the use of clean pressure water only, without the 
assistance of any mechanical means. Such plants are suitable and 
quite important for water works, as well as glass manufacturing 
industries, where sand must be free from clay or iron. 

Movable arms are used to put in operation more or less boxes, 
according to the nature of material to be cleaned. For instance, 
in a plant of six boxes, a movable arm is placed in the third and 
sixth boxes, and then the sand may be run through all six or the 
plant may be operated in two rows, each using three boxes. It is 
desirable that the water should be as clean as possible, and the pres¬ 
sure at the eductor should be under a head of 30 to 40 feet, depend¬ 
ing upon the material to be washed. 

Magnetic Separation. Magnetic separation depends on the fact 
that some minerals are more strongly attracted by magnets than 
others. A widely used separator of this kind is the Wetherill.” 



CHAPTER XII. 


PURIFICATION OF GASES. 

Separation of Gases from Solids. The removal of dust from 
gases is quite an important metallurgical and chemical problem, 
which can be solved in different waj's. In all the processes used 
for this purpose, however, it is necessary to cool the gas before 
separation can be effected. In some cases a simple cooling is suffi¬ 
cient to remove the dust nearly completely. Such a gas-cooling 
apparatus is shown in Fig. 226. It consists of a sheet-iron channel 



K. The dust collects upon the bottom of same and is removed 
through openings v provided in certain distances. 

Filtration is frequently employed for collecting dust, which is con¬ 
tained in gases in a finely divided state. In the manufacture of zinc 
oxide, for instance, the air containing the oxide is filtered through 
bags in which the solid particles are retained. 

The air filter built by the Carrier Air Conditioning Co. is de¬ 
scribed in Chapter XIV. 

A decrease of the velocity of the gas current also facilitates the 
separation. For this purpose the gases are led into chambers or 
channels before they are allowed to escape through the stack, as 



PURIFICATION OF GASES. 


231 


tinned contact with large surfaces; narrow channels are more advan¬ 
tageous than large chambers. 

Another way of causing separation is the change of direction of 
the gas current, which is the more effective the cooler the gas. 
Zig-zag shaped channels are used for this purpose. 

For removing the dust from blast furnace gas, wet processes are 


W*.TeR IMLET 



Fig. 227. ZscHocKE Scrubber. 


almost exclusively used. In the Zschocke system the gas is washed 
in scrubbers, which are so constructed that they cannot be clogged 
up by the dust. Fig. 227 shows a sectional view of such a scrubber, 
Fig. 228 illustrates the arrangement of the scrubber filling. In the 
Buffalo system, built by the Buffalo Forge Co., the gas is exposed 











>2 APPLIANCES OF CliEMXCAL AND METALLURGICAL INDUSTRIES. 


) the action of a rapidly revolving fan, Fig. 229, into which water 
injected, the removal of the dust being due to centrifugal force. 



Fig. 228. Scrubber Fitxtng. 


he dust particles are thrown against the water covered surface of 
le interior of the housing. This surface is kept covered with a 
ater film by a spray which fills the interior of the fan at all times. 



Fig. 229. Buffalo Gas Cleansing Fan. 


An effective method for removing solids from gases is the appli- 
tion of a fine spray of water whereby the dust is precipitated. 
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Fig, 230 shows one of the spray nozzles as they are manufactured 
by the Schutte and Koerting Company, Philadelphia, Pa. They are 
made for various applications, according to the pressure of the 
liquids to be atomized; further, according to the diameter of the 



orifice and the form of the spray, any or all kinds of effects may 
be accomplished. 

The-working of these nozzles is clearly shown in Fig. 231, which 
illustrates the application of these instruments in sulphuric acid 



Ftg. 23 t. Application of Spray Nozzle. 


plants. In such plants the output is considerably increased, com¬ 
pared with the old system, where steam was injected in the acid 
chambers, for the reason that the steam condenses very slowly, 
especially during the hot season, thus reducing the output of the 
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In the cut, which shows the arrangement of the Koerting glass 
or platinum spray nozzles, the water enters at P, passes through the 
filter and from there through the float valve B into the tank, 
from where the pump takes the water, forcing it under sixty pounds 
pressure to the nozzles installed on the top of the chamber. Each 



' ' ^ '.. - , ■ ■ . ,, 

Fig. 232. Removing Dust by IMeans of Spray Nozzle. 


nozzle is protected by means of a separate strainer, which is neces¬ 
sary on account of the small openings. 

The application of these nozzles for removing and precipitating 
dust is shown in Fig. 232. The air or gases enter at E and are 
discharged at A completely cleaned. The air is forced through the 
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of the dust and vapors is done by means of nozzles. The pressure 
water for the nozzles is carried to the apparatus after it has passed 
the strainer S. The water is discharged through pipe L. These 
dust collectors have proven very satisfactory in various industries. 

In connection with grinding installations, where dust is to be col¬ 
lected in a dry state, without the use of sieves, so called air sepa¬ 
rators are used. 

In the separator of Mum fort and Moodie, shown in Fig. 233, a 
ventilator E is provided upon the vertical shaft E^. The latter car- 



Fig. 233. Separator of Mumfort 
AND .Moodie. 



Fig. 234. Vacuum Separator. 


ries also the distributing plate F, the object of which, as the name 
implies, is to distribute over its periphery the material to be sepa¬ 
rated. By a system of rings, disks and cones, the air drawn in by 
the ventilator is forced through the material which is constantly 
falling down in the shape of a bell. The air current carries the 
fine, dusty particles along and enters the ventilator, the mixture 
being thrown against the wall of the cylindrical tank A. The fine 
particles are carried to the bottom by the air current. The coarse 
parts not carried along by the air current fall into the interior cone 
B and may be retransported to the mill through pipe a, while the 
separated fine product falls into the space between housing A and 
cone By and is removed from here by hand or screw conveyer. 
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A vacuum separator which is successfully used in connection with 
any form of grinding mill, the material being elevated and dis¬ 
charged into the hopper of the separator in the same manner as to 
a bolting reel, is shown in Fig. 234. In this apparatus, which is 
built by the Raymond Brothers Impact Pulverizer Co., Chicago, 
III, the material is fed automatically into the center of the tailing 
spout, above where the return air enters. 

Separation of Gases from Liquids. If it is desired to separate 
gases from liquids in which they are absorbed, the process to be 



Fig. 235. Mohr’s Cooler. 


applied will be different according to whether the gas liberated is 
to be used or wasted. In the former case a distilling apparatus 
with condensing cooler will have to be used, while in the latter case 
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by liquids at high temperatures can be conveniently separated by 
cooling the liquid. An apparatus which is successfully used for this 
operation is Mohr’s cooler, Fig. 235. It consists of zig-zag shape 



Fig. 236. Tar Extractor. 

pipes, containing in the interior cooling pipes of the same shape. 
The outside pipes A are connected at the top and the bottom 
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50 -called connecting boxes; in the bottom boxes outlet openings are 
provided for the liquids separated. 

The separation of gases and liquids is of considerable importance 
in the manufacture of illuminating gas; as these apparatuses can 
also be used in other analogous operations occurring in the chemical 
and metallurgical industries, we are going to discuss the principle 
types. 

The most widely used tar extractors are the ones of the Pelouze 
and Audouin type. They are built in the United States by the Gas 
Machinery Company, Cleveland, Ohio. Fig. 236 shows the general 
view of a tar extractor. Fig. 237 the drum, and Fig. 238 a cross- 
section. 

This apparatus consists mainly of an outer cylindrical cast-iron 



Fig. 237. Drum of Tar Extractor. 


cover, provided with inlet and outlet openings for gas and overflow, 
for products of condensation, and contains a drum of perforated 
sheet steel counter-balanced by a weight on the outside, the connec¬ 
tion being made through a hydraulic seal on top of the apparatus. 
The drum constitutes the extractor proper. The inner sheet is per¬ 
forated, with rows of closely spaced round holes, and the next sheet 
with large rectangular slots, so arranged as to offer a blank surface 
opposite the small holes of the inner sheet. The two outer sheets 
are similarly arranged and are provided to increase the elTciency 
of the apparatus. 

On entering the inlet the gas ascends into the cylindrical chamber. 
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passes through the perforations of the drum, and is divided into 
small jets, which strike against the solid surface sheets placed close 



to the perforated plates. In passing through the small perforations 
the liquid molecules are wire-drawn, and therefore brought into 
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:lose contact with one another, the action being completed by con- 
act with the solid surface upon which the tarry matter is deposited. 



Fig. 239. Section through Washer Parallel with Ducts. 


whence it flows down the surface of the plate into the annular tar 
chamber, and from there through the overflow to the tar well. 

The drum properly balanced is capable of acting as its own regu- 
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Fig. 240. Cross Section of Ducts. 

lator; when there is an increased make of gas, the cylinder rises 
and a great number of perforations are exposed to the passage o 
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Separation of Gases from Gases. For separating gases from 
gases, the absorption process is used in practice. The gas not 
absorbed by the liquor used can be collected and the absorbed gas 
worked up separately. 

If the gas mixture consists of more than two gases, as is the case, 
for instance, with crude coal gas, the various gases are absorbed 
consecutively in various vessels. 

As the liquefaction of different gases depends on pressure and 
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Fig. 241. Section through Washer across Ducts. 

temperature, this property can also be used for separating gases 
(Galley’s process of drying the blast). 

The following examples will show the most important types of 
apparatus used for separating gases: 

An apparatus for removing and absorbing ammonia from gases, 
as built by the Gas Machinery Co., Cleveland, O., is shown in Figs. 
239 to 241. Fig. 239 .shows a section through the washer parallel 
with ducts, Fig. 240 a cross-section of ducts in operation, and Fig. 
24T a section through the washer across the ducts. 

This washer consists of a rectangular cast-iron box and a top 
cover of sheet steel. A gas inlet distributing box and a gas outlet 
box are bolted to the outside of two side plates and provided with 
openings for gas inlet and outlet connections. Ducts of sheet steel, 
specially perforated, extend horizontally across the inside of the 
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washer, one end of the upper circular part of the ducts connecting 
through round openings in the inlet side plate with the inlet distrib¬ 
uting box, and the other end placed against round openings in the 
opposite side plates. The upper or outlet compartment above the 
ducts is connected with the gas outlet box by means of a long hori¬ 
zontal opening placed near the top of the box. 

The washer is allowed to fill with liquor until the depth of seal 
through which the gas has to force its way will show a differ¬ 
ential pressure of about three inches. The overflow should be set 



to allow the liquor just to pass when this point is reached, the cock 
in the equalizing pipe being open. 

The gas first passes into the inlet distributing box and through 
the circular openings in the inlet side plate into the upper part of 
the ducts, depressing the liquor in the narrow throat of the ducts and 
passing through the small holes in the slanting surface of the sub¬ 
merged part, thereby effecting a fine distribution of the gas, which 
passes up through the liquor in minute bubbles. 

The gas then goes into the top of the washer and through the 
long horizontal opening into the outlet box. 

The long horizontal outlet opening extends nearly the whole width 
of the box, and is made of ample area to allow for the slow and easy 
passage of the gas. This prevents carrying entrained water with 
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Of entirely different construction are the apparatuses which are 
built by Schutte and Koerting, Philadelphia, Pa., for absorbing gases 
and condensing vapors. Here an extremely fine spray of water, pro¬ 
duced by the above described spray nozzles, is applied to the gas 
mixture. Fig. 242 shows an installation of this type for the absorp¬ 
tion of hydrofluoric acid gas. A hood is placed over the pit and is 
connected to a wooden tower, to the top of which spray nozzles are 



Pig. 243. Condensing Foul Vapors. 


attached. The vapors free of hydrofluoric acid gas pass through the 
outlet to a chimney or fan. 

An arrangement of the same type for condensing foul vapors is 
shown in Fig. 243. The fumes are sucked off by means of a water 
jet exhauster and pressed into the absorption chamber, in which 
spray nozzles are installed, which treat the gases on their way up 
and down in the chamber, the latter being equipped with proper 





















CHAPTER XIIL 


EVAPORATING, DISTILLING AND CONDENSING. 

Evaporating. Steam is used for evaporation either directly by 
passing through the liquid to be evaporated or indirectly by em¬ 
bedding steam pipes within the liquid. 

If the nature of the liquid prevents the use of metallic vessels, 
stoneware vessels are generally used with direct steam. Fig. 244 
shows such an arrangement in which the stoneware vessel is placed 

within another vessel, the space between 
the two being filled with a non-con¬ 
ductor of heat, as cement, etc. 

If the liquid is heated by means of 
'steam coils, the latter may be of various 
shape, size and material. Spiral pipes 
are most generally used. Care has to be 
taken that a moderate inclination pre¬ 
vails throughout, so that the condensed 
water can run off freely. To prevent 
losses of steam and in order to be able 
to work under pressure it is absolutely 
necessary to connect the end of the 
heating coil with a condenser, which 
naturally has to be watched to prevent 
the coil from being filled with water. 

Steam coils are used for evaporation either in open or closed 
vessels, depending upon the nature of the liquid and of the vapors 
formed. 

PL W. Dopp Company, Buffalo, N. Y., manufacture a number of 
excellent appliances for evaporating and heating purposes, ranging 
from I to 500 gallon capacity, inclusive. Fig. 245 shows their cast- 
iron seamless steam-jacketed kettle, which is perfectly smooth, both 
inside and out, is of convenient and efficient shape, cast in one piece 
(thus avoiding joints and rivets) and is easy to clean and to keep 
clean. The inner and outer shells are thoroughly braced by the 



Evaporator. 
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time as the shells. This allows perfect circulation and makes an 
absolutely safe jacket kettle. All sizes except the one-, four- and 
ten-gallon, which are fiat bottom, are tested to 150 pounds hydro¬ 
static pressure; these to 100 pound. Any size to stand higher pres¬ 
sure to order. 

One might think that, because of cast iron, these kettles are easily 
cracked and not safe for high steam pressure. However, this is not 
the case, as, through the patented stay bolt construction, the unsup¬ 
ported area is governed at will. These kettles have been in actual 
successful use for years in the hardest kind of kettle service. 



Fin. 245. Dopp’s Skamlks.s Jacketkd Kettle. 

Outlets for contents are furnished with these kettles in various 
sizes and styles; special designed outlets are supplied, if it is neces¬ 
sary to have the inside of the kettle flush for preventing the pock¬ 
eting of any of the material. 

Bracket lugs for attaching agitators and mixers are regularly fur¬ 
nished with these kettles on 65-, 80- and lOO-gallon sizes. Separate 
lugs are carried in stock by this firm, so that any size kettle can be 
equipped with a bracket lug on order, or, if it is so desired and time 
will permit, any size can be originally cast with this lug. 

Kettles of one-gallon capacity are supplied on fixed legs; 4- to 
i2c;--gallon capacity on removable legs, as shown in the cut. All 
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ither size kettles are fitted with legs as shown in the case of the 
ligh-jacketed kettle, which is described below. This firm also has 
1 great many different size leg patterns, to give customers various 



Fig. 246. Rectangular Kettle. 

height from floor to outlet or rim of kettle. Kettles up to and 
including 175-gallon capacity are carried in stock, while the larger 
sizes are furnished on order, as they invariably have some special 



Fig. 247. Hicii Jacketed Kettle. 


features, which can be better embodied in making original castings. 
Steam connections, both inlets and drips, are as follows on these 
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settles: One gallon, i inch ; 4 to 50, if inch; 50 to 200, i inch; 200 to 
500, inclusive, 1-4- inch; two inlets on opposite sides near the top of 
;he jacket, and one drip flange at the bottom are regularly supplied. 

The H. W. Dopp Company has successfully developed a method 
:,f finishing the interior of their kettles, mi.xers and vacuum pans 
with a heavy coat of electrolytically deposited copper or nickel, which 
gives great satisfaction where the use of cast iron is prevented by the 
natur^of the chemicals used. These kettles take the place of enam¬ 
eled kettles, and where they can be used, of course, are very much 
superior, as the best enameled kettle will crack if not handled prop¬ 
erly and according to directions. It is well known that by pouring 
a cold liquid into a hot enameled kettle the enamel will crack. 



Fig. 248. Soap Crutcher. 

A seamless steam-jacketed rectangular kettle is .shown in Fig. 24 
This firm also makes high-jacketed kettles for use, where it 
desired to have the substance being treated in contact with heat 
much as possible. As seen from Fig. 247, this kettle is considerab 
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higher in proportion to the diameter than the standard seamless 
kettles described above. 

The high-jacketed kettle is generally equipped with an agitator 
consisting of paddles of various shapes. The shaft, which is sup¬ 
plied with an oil catch cup to prevent oil from getting into the sub¬ 
stance, is driven by a cast-iron worm wheel with steel worm. 

The remelting crutcher (for soap works), built by the same firm, 
is constructed along the same lines as the seamless steam-jacketed 
kettle. A large outlet is supplied in the center of the bottom for 



Fic. 249. Engine Driven Crutcher. 


the discharge of the contents. A steam heating radiator, composed 
of a series of vertically arranged pipes having open spaces between 
them, screwed into a header, is placed in the center, and through this 
radiator steam passes directly to the jacketed part of the kettle, 
which can be cut off from steam supply so that the inner cylinder 
only has steam. The kettle is also arranged so that connections can 








EVAPOkA'ri NG, DIS'l'I IJJ NG AND CONDENSING. 


249 


Crutcher as used in soap works. A conveyor screw is placed in the 
center of the radiator. As soon as a portion of the soap is melted, 
the screw is set in motion, thereby lifting the soap and crowding it 
over the top of the radiator surrounding the screw, the centrifugal 
force forcing it out through the open spaces left between the pipes. 
The constant motion of the screw shears up any pieces, and thus, in 
comparatively short time, the largest scraps are completely cut up. 
and the whole kettle full of soap will be thoroughly melted. Owing 
to the open spaces left between the pipes composing the radiator, 
there is no splashing of the contents whatever, however fast the 
conveyor screw is worked. 

If desired, moist steam may be passed through the material to be 
treated or cold water may be passed into the jacket and radiator to 



Fin. 250. VACT CM Pan. 

facilitate the cooling of the material. The conveyor screw is worked 
by a pulley and belt, driven by power. The conveyor screw may be 
worked backward or forward by merely shifting the clutch that 
drives the bevel gearing. An engine-driven crutcher is shown in 
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rators have to be mentioned. Sometimes steam jackets or a combi¬ 
nation of steam jackets with steam coils are used in place of coils. 
These vacuum tanks are made in various shapes, the most suitable 
form depending on the nature of the material to be handled. Before 
the vapors leave the apparatus, they must generally pass through a 
trap provided at the top for catching and retaining any liquid par¬ 
ticles. The apparatus is also equipped with a discharge opening at 
the bottom, a thermometer, a vacuum gauge, test cocks, steam, water 
and liquor valves, etc. 

Fig. 250 shows a cast-iron seamless steam-jacketed vacuum pan, 
which is extensively used. This pan is built by the H. W. Dopp 



Frc. 251. Evaporator Made of Tiirf.e Parts. 

Co., Buffalo, N. Y., and is provided with mixer attachments which 
are made in any form desired. It is particularly adapted for boiling 
and evaporating substances quickly, and in cases where the substance 
is to be evaporated down to a crystal or powder form. They are 
made from 10- to i,ooo-gallon capacity, inclusive. 

Fig. 251 shows an evaporator built up of three parts, each of one 
single piece. 

Formerly steam for the steam coils was directly taken from the 
boiler, but at present exhaust steam is also used for this purpose. 
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This, however, necessitates a considerable increase of the heating 
area. A large heating area, however, cannot always be provided by 
coils. Special tubular heating structures are, therefore, frequently 
used, as in the various evaporators to be described below. 

The steam has to enter into the vessel as near to the top as pos¬ 
sible, while the outlet for the condensed water is provided at the 
bottom of the vessel. If the steam for heating is to be used at a 
lower pressure than the boiler steam, a suitable valve for reducing 
the pressure must be employed. 

In stoneware vessels, that part which is hit by the entering steam 
is preferabl^^ protected by a shield of sheet metal, while in metallic 
vessels joints between different parts are often made by screws. 
Different parts of stoneware vessels are preferably joined by means 
of Portland cement. 

For substances which have a boiling point of over 200 degrees 
superheated steam has to be used, and in such cases the evaporator 



Fig. 252. Coils Cast Into Walls of Evaporator. 


shown in Fig. 252 is successfully employed. In this case the coils 
are cast into the walls of the vessels, which may also be provided 
with a stirrer. 

According to IT. Claassen the main features of modern methods 
of evaporation are the use of a high vacuum and the principle of 
multiple effect evaporation. The steam evolved in evaporation may 
be led into another set of steam coils and used again for evaporation. 
Two apparatuses coupled together represent a double-effect evapo¬ 
rator; three a triple-effect evaporator, etc. We will now describe 
the most important types of multiple-effect evaporators used in the 
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In the Yaryan evaporator (Fig. 253) the material is kept in very 
rapid motion so as to be in contact with the heated surface only for 
a moment. The liquid to be concentrated is fed into one end of a 
three-inch tube coil, fifty feet in length, and the rate of feeding is so 
adjusted that the given heating surface will concentrate the liquid 



to the desired density. Only in extreme cases is it necessary to 
return the concentrated liquid for reevaporation. 

Exhaust steam can be used in this system without difficulty. For 
liquids that require a high temperature for evaporation Yaryans are 
built that can be used under loo-pound pressure with perfect safety, 
In the operation of this apparatus the steam is led into the cylin- 
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drical chamber surrounding the coils in the first effect. The liquid 
to be concentrated is fed into the first tube of the return bend coils 
of the first effect in a small but continuous stream, and immediately 
begins to boil violently. It becomes a mass of spray, containing, as 
it rushes along the heated tube, a constantly increasing proportion 
of steam. 

The inlet end of the coil being closed to the atmosphere, and the 
steam being continually formed, the contents are propelled through 
the tubes at a high velocity, finally escaping from the last tube of 
the coil into the separator. 

Here the steam or vapor, with its entrained liquid, which has been 
reduced in volume by the evaporation, is discharged with consid¬ 
erable force against baffled plates, which separate the liquid from the 
steam, causing the former to fall to the bottom and permitting the 
latter to pass off through an ingeniously contrived catch-all, which 
effectually removes any remaining liquid, into the chamber sur¬ 
rounding the tubes in the second effect, where its heat is utilized for 
further evaporation of the liquid. The liquid from the bottom of 
the separator of the first effect passes into the coils of the second 
effect, and in it the same process takes place as in the first effect, 
and so on through the entire series, whether a triple, quadruple, 
etc., effect is used, the volume of the liquid being constantly reduced 
in each effect. 

The steam from the final effect goes to the condenser and the 
vacuum pump, a high vacuum being thereby maintained in the sepa¬ 
rating chamber and consequently in the coils. Hence the boiling 
point of the liquid is at a lower temperature than that of the sur¬ 
rounding steam, and by the condensation of the steam from the 
previous effect upon the cooler pipes in the next effect a less perfect 
vacuum is maintained in the preceding effect. 

Thus we have in the series of effects a gradual reduction of pres¬ 
sure and in boiling temperature, and this automatically adjusts 
itself, whatever the number of effects, so that the licjuid is brought 
to the boiling point by the steam produced by its own evaporation in 
the preceding effect. Since a complete condensation of the vapor 
surrounding the coils in each effect takes place, and the boiling 
point of the liquid within the coils is below the temperature of the 
vapor outside, not only sensible heat available on account of the 
temperature difference outside and inside, but also the latent heat 
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of the condensing vapor is absorbed by the liquid and used for 
evaporation. 

Ordvvay has designed a concentrator and separator which is based 
on the principle that a liquid concentrated to the crystallizing point 
will, if cooled, precipitate more rapidly and give a more complete 
separation. While the liquid is being concentrated it comes in con¬ 
tact with heating and cooling surfaces alternately, and in its passage 
from a cooling surface to a heating surface it passes through a pre¬ 
cipitating chamber, where there is sufficient space to collect the 
crystals for removal. Should the original liquid be sufficiently cool, 
it is used as the cooling medium before being fed into the evaporator. 

The crystals are continuously removed from the precipitating 
chamber to a draining tank, which is under the same vacuum as the 
evaporator, and the drained liquid continually returns by gravity to 
the evaporator for reevaporation. When the drain tank is filled 
with the crystals, the circulation is stopped, or changed over to a 
second draining tank, and the crystals are removed from the first 
tank in a comparatively dry state. 

The Ordway concentrator (Fig. 254) is made up in sections, the 

different sections having the same 
proportion of heating surface to 
cooling surface and of vapor 
chamber to precipitating chamber. 
These sections are flanged in such 
a manner that they may be bolted 
togctlicT to make up one evapo¬ 
rator effect of any size or capacity 
required, and when an increase of 
capacity is desired, all that is 
necessary is to add one or more 
sections to each effect, thus avoid¬ 
ing the necessity of installing a 
new plant. 

Fig. 254 . OE0WAY Evaporator. The Ordway is built for single or 

multiple effect, and is provided 
with all the convenient appliances of an evaporating plant, such as 
eye-glasses in each effect, for observing the action of the liquid 
while boiling, a tester for testing the density of the liquid, water 
gauge, automatic feed regulator, condenser, pumps and all inter¬ 
mediate piping. 
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The submerg-ed tube type of evaporator is represented by (i) the 
so-called standard evaporators, consisting* of vertically cylindrical 
shells fitted with vertical tubes, the steam being supplied to the out¬ 
side of the tubes and by (2) the horizontal tube apparatus, which 
carries the steam inside the tubes submerged in the boiling liquor. 
A well-known type of the latter is the old Swenson evaporator (Fig. 
255), which shows a small double effect on this system. The shell 



is of heavy cast-iron plates; tubes of seamless copper or steel, in¬ 
serted in place by the use of elastic gaskets and packing plates, 
making possible their ready removal. The advantages of this type 
consist of the shallow heating surface, the large area provided for 
the liberation of the generated vapor, absence of expansion troubles 
at the tube joints, ease of operation, and absolute control of liquor 
density. When desired the steam chests can be so arranged that 
any desired percentage of increase of heating surface can be secured 
by merely adding the necessary tubes. 

The latest development in multiple effect apparatus is the Zaremba 
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round-body evaporator, shown in Figs. 256 and 257, which com¬ 
bines all the advantages of the Swenson heating surface with the 
structural advantages possessed by the shell of the standard type. 
It will be noted that the joints are reduced to a minimum, internal 
braces are eliminated and that the pans can stand a considerable 



internal pressure without injury. Furthermore the down-takes are 
so designed that a much better circulation is obtained, giving a heat 
transmission per square foot of heating surfaces over 20 per cent, 
greater than is the case with the Swenson. In this connection, it 



Frc. 257. Zarmmua Evaporator, Horizontal Cross Section. 

should be borne in mind that the old style horizontal heating surface 
gives 70 per cent, better transmission than the vertical tubes of the 
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shown in Figs. 258 and 259. A is the steam trunk, from which the 
evaporator draws steam of the desired pressure. A^, A^ are 

compartments from which the tubes are supplied with steam; B are 
the steam-heated tubes ; C the boxes for condensing water at the 
lower end of the apparatus; D a float box with disk valve; E the 
space for the vapor and boiling solution; F a baffle float box with 
disk valve; G the outlet for vapors and pipe connection between 



this effect and the next one; H eight glasses to inspect the boiling 
conditions ; I manholes ; and K removable covers on the steam boxes. 

A vertical longitudinal section through the body of a Lillie evapo¬ 
rator is shown in Fig. 260. The vapor ends of the tubes are closed. 
The condensed steam inside the tube flows back in the “ steam end ” 
and thence through a steam trap usually into the steam end of the 
next coolest body. 

The cut shows the circulation of the solution over the tubes as a 
heavy shower maintained by a centrifugal pump. The circulation 
is independent of temperature, and on the tubes there is no depth 
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jf through u'hich vapors formed would have to force 

tiicir escape. 

The Kcstner evaporator (hig. 261) utilizes the principle of film 



Fk:. 259. Niavhall T'a'Aporator. 


evaporation in a simple manner. Tlie cle.sigm of this apparatus is 
such that the film is forced to cling* to the lieating* surface inde¬ 
pendent of gravit}', instead of being forced away from the hot sur¬ 
face by the steam disengaged. This means a very effective use of 



Fk;. 260. I.irj.fK 1 '-vap(irat()R. 


the heating surface and th(‘ possiliility of concemtration to the de- 
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This climbing film ” evaporator and the distribution of the film 
over the heating surface is made automatically by the disengage¬ 
ment of the steam. The tubes in a Kestner evaporator are ordi¬ 
narily vertical and are about twenty-three feet long. The liquid is 
fed in at the bottom and the suppl)' is so limited that the tubes are 
practically empty. 

At the start the liquid begins to boil in the tubes and very shortly 
such a violent ebullition occurs that the vapor, occupying many 
limes the volume of the liquid, rushes 
through the tube at such a velocity 
that it carries with it against the hot 
walls of the tube a thin film of liquid. 

This liquid film, together with the 
vapor, is discharged against suitably 
designed vanes of a centrifugal sepa¬ 
rator. In this way the concentrated 
liquid is whirled against the walls of 
the vapor belt and the vapor, thor¬ 
oughly separated from the liquid, 
passes off to the next pan or condenser. 

From this description it will be 
readily understood that the liquid is 
automatically elevated and evaporated 
in passing, the concentration depend¬ 
ing on the amount of liquid admitted. 

This results in an evaporator essen¬ 
tially different in appearance from 
others. 

Distilling. A special case of evap¬ 
oration is distillation for the purpose _ ^ ^ 

^ PIG. 26l Kestner Evaporator. 

of separating liquids from each other. 

Every distilling apparatus consists, as a rule, of three parts: (i) 
The vessel containing the liquids to be separated, (2) the cooling 
apparatus, and (^) the vessel for receiving the distilled liquid. 

The setting of a cast-iron still is shown in Fig. 262. Eight lugs 
cast into the shell of the kettle rest upon an iron ring in the brick 
work. Eight openings of various size are provided in the ring 
(those nearest the stack being the smallest), so that the fire gases 
are forced to play uniformly around the walls of the still. The fire 
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On account of the low location of the grate, the flame does not 
come in contact with the vessel, whereby the life of the plant is 
considerably prolonged. 

Many evaporators can be transformed in a simple way into a dis¬ 
tilling apparatus (Fig. 263). 

A distilling apparatus for making sulphate of ammonia or con¬ 
centrated ammonia solution from gas water is shown in Fig. 264. 



Fig. 262. Cast-iron Still. 


In this apparatus, which was designed by J. L. C. Eckclt, in Berlin, 
steam jet blowers are used instead of coils, whereby a more thorough 
mixture of gas, water and milk of lime is efifected, the capacity of 
the apparatus is increased and the steam is better utilized. This 
apparatus consists of three parts, the lower boiler, the upper boiler 
and the tower on top of the latter. In the manufacture of sulphate 
of ammonia, the ammonia liquor to be distilled flows through pipe 
a from a higher reservoir into the preheater B, and then through b 
into the tower. Steam enters the lower and upper boilers through 
valve c. 

By means of a steam jet blower the gas water is constantly kept 
in motion and thoroughly mixed with the milk of lime pumped in 
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from the reservoir D through pipe d. The dissolved ammonia gas 
rises with the steam through the tower, while the water flowing the 
opposite way condenses the steam and liberates the ammonia. 

The rising ammonia passes through pipe g into the saturating 
box C and is absorbed by the sulphuric acid contained therein. 
Foreign gases and vapors are carried by pipe i to a fireplace or 
stack. Through valve / the lime mud is allowed to drop into the 
lower boiler from time to time. Through cock f the mud is dis¬ 
charged from the lower boiler. 

The distilled gas liquor runs off through cock e. When the appa- 



Fic. 263. Distillinc; Apparatus. 


ratus is stopped, the stopper k of the box C is removed to prevent 
the formation of a vacuum in pipe g by condensation of the am¬ 
monia gases. 

For treating certain substances, distillation in vacuo is frequently 
applied. In this case the vessel, which serves as receiver for the 
distilled substance, is connected to a vacuum pump or to a steam 
jet blower. 

A simple vacuum plant, in which the vacuum is effected by a 
Koerting steam jet exhauster, is shown in Fig. 265. D is the 
vacuum kettle, C the condenser, K the cooler, E the exhauster, 5 
the steam supply. 
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Condensers. The condensation of steam in a separate chamber 
from the engine cylinder instead of by a spray of water injected 
into the cylinder itself after the steam piston had completed its 
stroke, was an invention of James Watt, in which he 



Fig. 264. Distilling Apparatus for Sulphate of Ammonia. 


received letters patent in 1769. It was the first step in the history 
of the steam engine in the direction of increased efficiency from 
the atmospheric engines in use at that time, towards the present era 



Fig. 265. Distilling under Vacuum. 


of high steam pressure and multiple expansion condensing engines. 

Where a sufficient quantity of water suitable for boiler feeding 
purposes is available, the jet condenser, being the simplest and 
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easiest to operate, is preferable. Where, however, water suitable 
for boiler feeding; is not available, a surface condenser may be used. 
In this type the steam is condensed in a condensing chamber on the 
surface of tubes through which cold water is circulating, and the 
distilled water so furnished may be again fed to the boilers. Where 
any considerable amount of cylinder oil is used, some provision must 
be made with surface condensers to remove this oil before the water 
is fed to the boilers. With either t3pe the quantity of water to be 
circulated through the condenser should be from 20 to 40 times the 
quantity of steam to be condensed, depending upon the temperature 
of the water available for condensing purposes. 

American condenser manufacturers have recently introduced sev¬ 
eral types of self-cooling condensers by which the hot water deliv¬ 
ered from the condenser pumps can be cooled and re-used, so that 
with water sufficient in quantity for boiler feed purposes only, the 
plant may be located at any convenient point, and still retain the 
fuel saving and other benefits of high steam pressures and con¬ 
densers. 

Among the different types of jet condensers the Koerting jet con¬ 
denser, which is built by the Schutte and Koerting Company, Phila¬ 
delphia, Pa,, is widely used on account of its simplicity and relia¬ 
bility. In this condenser the exhaust steam enters with the cooling 
water into the condensing chamber, where the steam is condensed 
direct by the water. This physical process being completed, the 
water jet, united with condensed steam and the non-condensible 
gases, has to be discharged against tlie pressure of the atmosphere. 
This mechanical work is done by the same water jet, which, for that 
purpose, has to enter the condensing chamber in a solid jet, and 
after the steam is condensed enters the discharge cone or tail-pipe 
with such a velocity that it overcomes the pressure of the atmos¬ 
phere, being powerful enough to expel the air. To keep the jet 
straight it is surrounded by a combining tube, in which ports are 
drilled at a suitable angle, through which the steam from the con¬ 
densing chamber enters and is condensed by the jet. The holes are 
cut in an angle, tending to give the water a high velocity. These 
condensers are manufactured in two types, eductor and induction 
condensers, each having its separate and distinct application. 

Eductor condensers require a head of water of twenty feet, and 
work with absolute certainty under all conditions of load yariation, 
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and the air and non-condensable gases are discharged with the water 
without the assistance of air pump. An eductor condenser is shown 
in Fig. 266. The advantages of these condensers are: 

1. Absence of air pumps, which require a large amount of power 
and cost of maintenance. 

2. Full water openings, preventing any clogging up of the water 
supply. 

3. Short exhaust pipes between the engine or turbine to con¬ 
denser ; hence there is no trouble on account of a leaky exhaust pipe. 



Condenser. Ftg. 267. Attacttment of Kductor Condenser. 


4. On account of the low cost of these condensers it is possible 
to adapt condensation for a steam engine during the summer, while 
during the winter the exhaust is used for heating purposes. 
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The attachment of an eductor condenser is shown in Fig. 267. 
A is the condenser, B the water check, C the free exhaust, D the 
strainer, E the foot elbow, C\ and Co are variations of free exhaust. 

Except with small engines, it is advisable, wherever practicable, 
to have a separate condenser for each steam unit. If this cannot 
be arranged a drum of sufficient area, into which a number of en¬ 
gines exhaust, can be arranged and the condenser attached. Such 
plant has the advantage of low cost and simplicity. 

It is best to deliver the water from the pump into an intermediate 
overhead tank, fixed at suitable level to give the necessary head of 
water for the condenser, but the water may be delivered direct from 
a centrifugal pump into the condenser. 

When an intermediate overhead tank is used, any air drawn in 
at the pump glands, or at the joint or suction pipes, escapes at the 
tank, and the vacuum is not affected as in the case when the air 
is delivered with the water direct into the condenser. The tank 
also has the advantage that, when a number of condensers are used, 
any one of the pumping sets can serve for any of the condensing 
units, thus giving greater security against breakdown. In most of 
the recent installations of eductor condenser plants in power sta¬ 
tions, centrifugal pumps driven by electric motors have been 
adopted, which are comparatively low in first cost, occupy small 
space and require little attention. 

Induction condensers lift their own water supply, and are applic¬ 
able only to engines subject to load variations at regular and not 
frequent intervals, such as centrifugal pumps, mine pumps, fans, 
etc. The vacuum is created by the condensation of the exhaust 
steam on a column of water in motion, which is induced and main¬ 
tained by the impact action of the exhaust steam through passages 
inclined in the direction of the current, thus assisting a natural fall 
of water, if there be such, or maintaining it unaided, if water has 
to be lifted from a lower level. 

The induction condenser, as shown in Fig. 268, is equipped with 
a regulation of water supply and with a sleeve to cover the ports 
of the combining tube, according to the steam used. According to 
the load of the engines, the water ram, as well as the sleeve, are set 
and remain in this position during the time of operation of the 
engine under the conditions for which the ram and sleeve are set. 

This condenser is also highly adaptable where only a certain head 
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is at disposal, whereas the rest of the water has to be made g'oocl 
by the action of the exhaust steam itself. 

The head of the condenser can be turned at right angles or in any 
direction admissible by the bolt spacing, so as to be most convenient 
for pipe connections or for handling. 

When all the water is supplied under pressure, the opening 



Condenser. 



Fig. 269. Condenser with Automatic 

r)iscn,\R(;E V.\i.VE. 


marked “ steam,” as also the opening C, are blanked. When water 
is taken under suction, and pressure water used for starting, the 
opening C is blanked. When water is taken under high suction 
and steam used for starting, then a check valve is attached to open¬ 
ing C and the overflow pipe connected to discharge free or into the 
main discharge pipe. 
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The condenser with automatic discharge valve, shown in Fig 
269, is used for taking water supply from sump and automaticallv 
discharging- into the suction pipe of a pump. This arrangement if 
particularly desirable in deep mines, etc., having a great discharge 
height and consequently greater volume of exhaust in proportion to 
the volume of water pumped. 

Under these conditions, if discharge from condenser were re¬ 
turned to sump, the temperature of the sump water would greatly 
increase, causing anno>-ance, damage to the timber, and detract from 
the effectiveness of the condenser. By discharging directlv into the 
suction of the pump the warm water is removed as it is produced, 
and the sump water remains cool. 

The danger of having steam enter the pump, through accidental 
stoppage of pump or condenser (whereby the action of tlie pump 
is disturbed), is entirely eliminated b\- the automatic action of the 



Tic. 270. COU.N'TKR CORRIC.VT Sl-KF.\CK CoNDENSER. 


discharge valve 7 , which closes when the vacuum in the condenser 
is destroyed, while the condenser is free to re-start through check X, 
and as soon as the condenser resumes its action the valve Y will 
open automatically, diverting the discharge from condenser again 
into pump suction. Z is the condenser, H the free exhaust valve, 
W the water check valve, 7 the basket strainer, the suction check 
and K the air check. 
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The “ Alberger ” type of counter-current surface condenser is 
shown in Fig. 270. Its working is easily understood from the 
illustration. 

Frequently the available water supply to condenser suction is 
insufficient, and the necessity then arises to use the whole or part 
of the limited supply over and over again. To prepare the water 
for efficient re-use, the hot water has to be cooled. Cooling plants 
of every description are based on the same principle; a division 
into spray or thin streams to be cooled by contact with air. 

The Koerting spray nozzles offer the simplest means of accom¬ 



plishing this at the least first cost, with no expense for repairs, 
absolute certainty of operation and smallest expenditure of power. 

Fig. 271 shows a spray-cooling plant on the roof of an engine 
house. A is the condenser, B the horizontal check valve, D the 
free exhaust valve, E the centrifugal pump and F the spray nozzles. 

The water of about fifteen pounds pressure issuing from the 
nozzle is torn into spray, and in this form, projected through the 
air, creates its own continuous current. The act of disintegrating 
the water carries with it a lowering of the temperature, and this 
added to the effect of the air current reduces the water temperature 
to nearly that of the surrounding air, and, under favorable atmos¬ 
pheric condition of humidity, several degrees below the atmospheric 
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temperature, but at all times to a temperature sufficiently low for 
effective condensation. 

Cooling towers are also used for the re-cooling of w^ater. They 
are generally filled with boards of cypress, the air being blown 
through the tower by a fan provided at its bottom, while the water 
runs down in the interior of the tower through the openings of the 
filling, arriving at the bottom at a comparatively low temperature. 

Noiseless Heater. A convenient device for evaporating and heat¬ 



ing operations is the noiseless heater (Fig. 272), which is made by 
the Schutte and Koerting Co., Philadelphia. The illustration shows 
an installation for boiling and cleansing yarn. H is the heater, D 
the drain, T the steam. The tank contains two bottoms and, reach¬ 
ing from the top almost to the lower bottom, is constructed a square 
wood trough, in which the noiseless heater is installed. The heater 
boils the water in the washing soda and circulates the liquor in the 
best manner. These heaters entirely obviate the noise connected 
with direct steam heating. They discharge in the form of an in¬ 
verted cone, offering a large surface and thus causing rapid 
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DRYING APPLIANCES. 

Drying at Ordinary Air Pressure. The drying of raw materials 
and finished products is in a good many cases an important part 
of a chemical manufacturing process and should be performed with 
the greatest possible economy. To dry a substance means to re¬ 
move adhering liquid from it; in general, mechanically admixed 
water. It is always of advantage to mechanically remove (by 
dripping, filtering, etc.) the largest possible quantity of water before 
subjecting the material to the drying process proper. The water 
that cannot be mechanically removed has to be removed by evapo¬ 
ration by contact with atmospheric air, which in many cases has to 
be preheated. Admission of air is especially necessary if the nature 
of the material to be handled necessitates the application of a tem¬ 
perature below ioo° C. at ordinary atmospheric pressure. The sim¬ 
plest wa}^ of artificial drying is shown in Fig. 273. The material 



Fig. 273. Simplest Method of Artificial Dkvikc. 


to be dried is put upon a platform made of iron or clay plates and 
heated by the fire gases, passing through flues which arc provided 
below the platform. In place of direct firing, frequently steam 
heating is employed, making use of exhaust steam. 

This method of drying is very primitive and should he used only 
where large quantities of heat, that otherwise would be wasted, arc 
at disposal; the transmission of heat in this apparatus is not at all 
economical and the material to be dried remains cold on the surface. 
To overcome the latter disadvantage the material is frequently 
stirred, either by hand or mechanically. 

Somewhat more efficient are the so-called drying chambers; in 
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lese rooms, which are made of brick-work, wood or insulat 
le material to be dried is distributed loosely, if it is not 
laterial, or in vessels or pans, if soft or pulverulent. T 
lUst be sufficient and well adjustable and provision is to t 



Fig. 274. llrKFALo I'ax Svste.m of Drying. 


or the proper escape of vai)or or steam by means of a : 
xhauster. Heating is efl'ected by direct firing, hot air or b 
ion from a heated surface. 

AVith such chambers a satisfactory result is obtained 



Fig. 275. Buffalo Fan System of Drying. 

keeping the temperature in the interior of the chamber f 
100'' C., which case is not as frequent as the application c 
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In the latter case the efficiency of the above arrangement is not 
at all satisfactory, since no more air is exhausted after the expansion 
of air in the chamber has reached the degree which corresponds 
to the chimney draft or the action of the exhauster. The evapora¬ 
tion of water ceases on account of too low a temperature, since the 
air contained in the chamber is soon saturated with steam, so that 
no more water is absorbed. From this moment on the heat applied 
is entirely wasted. 

Hence, for preserving the efficiency of the chamber, fresh air has 
to be brought continuously to the chamber; the air is heated up, 
saturated with steam by contact with the material and removed so 
that again fresh air can enter, capable to absorb water. This prin¬ 
ciple is to be observed in all drying installations having a tempera¬ 
ture below ioo° C. 

If the air is drawn through the chamber by means of an ex¬ 
hauster, it will pass along the shortest possible way; hence some 



parts of the material will not be dried at all, and in case of a leak, 
cold air will be drawn into the chamber. 

A higher efficiency and greater rapidity in drying is obtained if 
the fresh air drawn by a fan from out of doors is heated before 
entering the chamber, and by pressing (instead of sucking) the air 
through the apparatus. 

Such an installation is shown in Figs. 274 and 275. The air which 
is blown into the air ducts or chamber comes in contact, before 
entering the chamber, with a mass of steam-heated coils and is 
heated thereby. This heated air, having a low humidity, is now 
forced into the air ducts and discharged at points such as to give 
an even distribution. Dryers of this and similar construction are 
built by the Buffalo Forge Co., Buffalo, N. Y. 

If a material is dried by means of admitting heated air to the 
material, the operation is continuously changing.and becomes more 
and more unfavorable. It would be of advantage to change the 



composition of the air corresponding to the progressing dryness of 
the material. This is done in practice by moving the material 
gradually from the point of escape of the steam to the point where 
the hot air enters (principle of counter current). The simplest 



Fig. 277 . CrriNniucAi. Drvkr Fig. 278. Cylindrical Dryer 

FOR Direct Heat. for Indirect He.at. 


plant of this kind is the shaft furnace, which, however, can only b' 
used for fairly hard material, for the drying of which the tempera 
ture-regulation does not need to be very exact. 

The so-called drying channels, which are based upon this prin 
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ciple, can be used for almost any kind of material; they are easy to 
attend and continuous in operation. The use of an exhauster is 
always to be recommended, since it effects better regulation and 
makes the plant independent of the weather. Such a channel is 

shown in hhg. 276. F is the fire- 
t place, in M the fire gases are mixed 

ri-T rc-:’: with air and travel through C and 

: ^ the channel A to the flue D and es- 

! •: i: : T cape through stack E. The cars 

• j: :|^ Q containing the material to be dried 

enter through the slide door S, and 

-j 

I leave through the slide door S. For 
^ - /' £ drying of materials which should not 

: i: ji : g come in contact with the fire gases, 

g this construction can be correspond- 
i :: i: ingly changed. 

; j: ;j g In continuous operation, seven 

; i; ;• ; ^ pounds of water will be removed 

e ri- 'j'l pound of coal, while when 

: :j i: |PM_ 2 operating for ten or twelve hours 

: :! ^ per day, five or six parts of water 

; . 4 - J removed by one part of coal. 

JI-j I most perfect drying appliance, 

1 ” i l - g wherever it can be applied, is the 

^ rotary cylinder dryer. A simple 

dryer of this kind is shown in Fig. 
d 277. Fig. 278 shows the same con- 
, ^ strnction adapted for drying of ma- 

£ terials, which are not to come in con- 
J tact with the fire gases. 

a dryer which is widely used for 
I drying slag, sand, gypsum, clay, 

chalk, pyrites, carborundum, graph¬ 
ite, borate of lime, litharge, etc., as built by the Ruggles-Coles Engi¬ 
neering Co., is shown in Figs. 279 and 280, and consists of two shells. 

This dryer operates as follows: The heated air passes through 
the inner cylinder, shown by dotted lines in Fig. 279, and returns 
between the outer and inner cylinder to the fan. The material to 
be dried is fed into the machine through a spout in the stationary 
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head, which leads to the bottom of the outer cylinder, where it is 
taken up by the buckets or carriers and dropped through the current 
of heated air. It is then caught by the flights on the heated inner 
cylinder, which by revolving drops it into the outer cylinder, to be 
again carried up 

This operation is repeated until, by the inclination of the machine, 
the material is carried to and discharged at 
the rear end. During this operation the ma- 
terial is continuall}'^ dropping through the cur- /x' 1 

rent of heated air, which is traveling from 

the discharge or dr}^ end of the machine to JX'/ 

and out through the fan at the head or wet 

end. The outer shell is cool through all times 

and the exhaust from the fan is not much 

above the atmospheric temperature. About 

88 per cent, of the fuel value is utilized. Cross Sec- 

^ r 11 ^ tion of Rotary Dryer 

ihe construction of the excellent rotarv /-d r- n 

' (Ruggles-Coles). 

dryers, built by the American Process Co., of 

New York, is readily understood from Figs. 281 and 282. 

However, in all drying installations, where the best possible fuel 
economy is to be effected, the counter-current principle should be 
applied (Fig. 283). The combustion gases mixed with the quan¬ 
tity of air required travel through the interior of the drum. The 
material is charged at the upper end at a, and is discharged at the 
lower end into chamber b, into which also the fire gases are entering 
on their way to the drum. A fan c keeps up the fire and also 
furnishes the cold air required for mixing. 

A drying appliance of different type, which is successfully used 
for treating certain materials, is the draw plate oven (Fig. 284) 
built by Werner and Pfleiderer in Saginaw, Mich. It is continuous 
and immediately after a batch has been drawn another can be set, 
which operation can be repeated without any intermission. The 
temperature is easily regulated. This oven is very economical as 
regards labor, time, fuel and repairs, and requires only little floor 


space. 

Vacuum Dryers. The vacuum drying system, now so widely 
used in chemical industries for drying pretty nearly every kind of 
organic and inorganic chemicals, was introduced in Europe by the 
firm of Emil Passburg, of Berlin, Germany, and the J. P. Devine 
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Company, of Buffalo, N. Y., has acquired the sole rights for it in 

this country. 

These vacuum dryers are spe¬ 
cially designed to remove water 
rapidly from all materials at the 
lowest possible temperature and 
cost. 

The drying is accomplished at a 
great saving in time, labor and fuel, 
^ as water will boil in vacuum at a 
03 very low temperature, and as all 

5 the heat introduced into the cliam- 

o 

6 ber is utilized in the drying process, 
5 none of it is lost. 

u 

g To make this vacuum apparatus 
^ suitable for the drying of a great 
variety of materials of widely dif- 
> ferent chemical composition and 

^ structure, special designs have been 

< constructed which may be divided 

p§ into the following three classes: 
o I. Shelf Dryers. For materials 
o which do not require agitating dur- 

f—I 

y ing the drying process, such as rub- 

j ber, pharmaceutical preparations, 

S explosives, sugar, salts, colors, 

p 

g chemicals, etc. (Fig. 285). 

S 2. Rotary Vacuum Dryers. For 
^ materials requiring constant stir- 

^ ring and agitating during the dry- 

CM 

ej ing process, such as grain, starch, 

^ granular rubber, fish, offal, etc. 

(Fig. 286). 

3. Drum Dryers. For solutions 
and emulsions which will form a 
film such as glue liquor, tanning ex¬ 
tract, white lead, milk, etc. Fig. 

287). 

I. Shelf Dryers. Are made in 
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me chamber contains a number of steam-heating shelves upon 
L the material is placed in trays. After the door, which is 
de air-ti-ht by means of a rubber gasket, has been closed, steam 
admitted into the shelves (or hot water in case the material has 



‘"AcondeTsef bCeen the chamber and the pumps prevents a 
vanors being carried over to the pump. 



Many delicate dyes, effervescent salts, incandescent mantles, I 
rubber, organic pharmaceutical preparations, explosives, etc., 
only be properly dried in these vacuum chambers. 
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2. Passburg Rotary Vacuum Dryers. Are made in various siz 
and consist of one large center-heating tube, rotating within 
cylindrical vacuum shell, which is steam jacketed. Suitable pa 




Fig. 285. Shelf Dryer. 

1,. Passburg Drum Dryers. Comprise the third class of app 
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Yolving within a vacuum shell and dipping slightly into the liquid 
to he evaporated, the latter being replaced continuously and auto¬ 
matically. 





This liquid is deposited in the form of a thin film on the outer 
surface of the drum, made of cast iron, brass or copper, and is dried 
in about ten seconds, being then removed from the drum by a knife 
rirnnc into a rccciver in the shape of a fine powder. 


Fig. 286. Rotaky Vacuum Dryer. 
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Seven different sizes of these drum dryers have been installed in 
this country and in Europe for drying on a large scale such mate-' 
rials as glue liquor, tanning extract, colors, white lead and milk. 

Passburg Combined Drying and Impregnating Apparatus. The 
impregnating of electric coils by merely dipping them into liquid 
solutions and then baking in ovens has proved utterly unreliable 
from the start. 

The firm of Emil Passburg was the first to construct vacuum 
vessels connected by suitable pipes and valves to impregnate coils 



Fic:. 288. Safkty Vacuum Dryer. 


with compounds of a very high melting point. The articles are 
first placed into the vacuum dryer and impregnator to thoroughly 
dry them and to remove all air from among the wires. While still 
under vacuum, melted compound is allowed to flow into the vessel 
until the articles are entirely submerged. The vacuum is thereb}^ 
broken and a pressure of about sixty pounds put on to force the 
compound into all crevices. After a short time, the compound is 
pressed out of the impregnator back into the liquor vessel to allow 
the coils to be removed. 

It will be found that field and transformer coils of large diameter 
are thoroughly impregnated in every part by this process. All the 
leading American and European electrical companies are now using 
the Pas.sburg s^ustem for all transformer, armature and field coils 
and for the heaviest cables. 
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This apparatus has also proved indispensable for impregnating* 
wood and similar materials with water-resisting and insulating sub¬ 
stances for electrical purposes, and to increase the durability of 
many articles made of perishable material, exposed to excessive 
moisture and to other causes of deterioration or decay. 

The apparatus is also used for impregnating fiber with rubber 
solutions and for impregnating cotton belts with heavy compounds; 



Fig. 2S9. Nozzle. 


in fact, new uses arc found for it nearly every day in chemical 
industries and in tlic useful arts. 

For drying smokeless powder, fulminate of mercury, gun cotton 
and other explosives, the construction of the vacuum clrver is some¬ 
what different, to correspond with the special conditions rerjuired 
for drying such substances. The apparatus (Mg. 288) is provided 
with an expansion chamber and other safety devices for the purpose 
of receiving, in case of an explos'on, the expanding gases and of 
reducing thereby their destructive power, as, before exerting aiu* 
pressure on the sides of the apparatus, the vacuum in the expansion 
chamber would have to be destro}'ed. Then, any excess pressure 
opens the safety apertures of the expansion chamber and the gases 
can freely escape, thereby preventing destructive explosions. Be¬ 
sides the safety apertures and a very large expansion room, this 
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in the illustration. In case the inner pressure exceeds the outer 
pressure (fifteen pounds to the square inch), this whole back cover 
will begin to move and open. For this purpose the cover is hung 
on rollers and held in position by springs. 

With this process the time required for drying is reduced to a 
fraction of that required by the old process ; the solvents are more 
thoroughly eliminated from the powder, the danger of explosion is 
reduced to a minimum and the solvents are completely recovered. 

The consumption of the steam in the various vacuum dryers is 
exceedingly low. The exhaust steam of the pump cylinder may be 
utilized for heating purposes; about 1.5-1.2 pounds of steam arc 



Fig. 290. Eliminator Plates. 


consumed (including the steam required for the vacuum pump) per 
pound of water to be evaporated. Other advantages of the vacuum 
chambers arc: saving of the floor space and labor, cleanliness and 
safety of operation. 

The construction of a vacuum dryer depends upon the material 
to be dried, and the details of the apparatus are specially designed 
in order to suit the substances to be treated. 

A well-equipped experimental plant at the works of the J. P. 
Devine Company is always at the disposal of manufacturers for the 
purpose of ascertaining by actual tests what style and size of appa¬ 
ratus is best adapted to the drying of the different materials. ATan- 
ufacturers are constantly making use of this experimental station, 
and in this way the scope of vacuum diAung by the various Passburg 
apparatuses and processes is being extended constantly, new uses 
and adaptations being found for it almost every day. As these 
tests are made free of charge, it is in the interest of every manu¬ 
facturer contemplating the installation of a vacuum drying appa¬ 
ratus to avail himself of this privilege. 
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Process of Air Conditioning for Drying at Low Temperatures. 
Many substances, such as photographic films, gelatine, glue, etc., 
require drying at low temperatures. To accomplish this success¬ 
fully, it is necessary that the air contain a very small amount of 
moisture. The temperature of the air desirable for this work is 
usually in the neighborhood of 6o°, and for successful drying the 
moisture contents should not exceed three grains per cubic foot. 
During the greater portion of the year the moisture contents of the 
air are much greater than this and it is necessary that tlie air be 
conditioned by dehumidifying and cooling before it is available for 
drying. This may be done by refrigeration. 

It may be observed that the maximum moisture content of the 
air at saturation is dependent entirely upon its temperature. The 



Fig. 291. Washer and Humidifier. 


moisture-holding power of air decreases very rapidly as the tem¬ 
perature decreases, and if the temperature is lowered below the 
saturation point, a corresponding amount of moisture vapor will be 
condensed. The temperature of saturation, which corresponds to 
a given weight of moisture content per cubic foot, is termed the 
dew point. The dew point of air containing three grains of mois¬ 
ture per cubic foot is 41°. Therefore, in order to obtain air at 
60° containing three grains of moisture, it is necessary first to cool 
it to a temperature of 41°, and then reheat to 60°. This has fre- 
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ir is brought into direct contact. This method, however, has 
found quite troublesome, owing to the fact that the low tem- 
ure of the coils causes them to frost over rapidly, quickly 
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decreasing the efficiency of the system. A distinct improvement in 
this process has recently been made by the Carrier Air Conditioning 
Company, who have secured patents covering the application. This 
process consists essentially of introducing into the air a finely divided 
spray of refrigerated water at about 34° (Fig- 289), The spray 
together with the moisture precipitated from the air is then elim¬ 
inated by a form of separator consi.sting of vertical zig-zag plates. 
Fig. 290, closely spaced, between which the air is passed at a rela¬ 
tively high velocity. By the centrifugal action and impact, thus 
produced, the moisture is entirely eliminated. By opposing the 
sprays to the direction of air current, tests have shown that it is 
possible to bring the air and water to practically the same tem])era- 
ture. This is owing to the fact that the enormous contact surface 
afforded by the spray in such a finely divided form causes a highly 
effective transfer of heat from water to air. 

The advantages of this system. Fig. 291, arc, first, that it permits 
the use of water above the freezing point. This allows the use of 
about forty-five pounds suction pressure on the compresscr instead 
of fifteen pounds ordinarily used, thereby doubling the refrigerating 
capacity of the apparatus without increasing the horse-i)Owcr. In 
other words, by this system it is possible to accf)mpli.sh twice as 
much refrigeration as may be obtained by the older system, using 
either brine or ammonia bunker coils. The second advantage is 
that it does away with about three fourths of the refrigerating .sur¬ 
face otherwise required. The third and important advantage is tliat 
it completely avoids the trouble from frosting of bunker coils, which 
has proven so troublesome in the older system. 

In all cases, where the air requires re-heating after refrigeration, 
the above company employs an interchangcr, which is a form of 
economizer for absorbing heat from the hot air and transferring it 
to the cold air. Such an arrangement frequently i)ermit.s the re¬ 
frigerating capacity of the plant to be reduced 20 per cent. The 
accompanying illustration (Fig. 292) shows a typical installation 
recently installed by the above company. 

This process of dehumidifying and refrigerating air is equally 
available for use in connection with the Gayley process of refriger¬ 
ating air for blast furnaces. 



CHAPTER XV. 


MEASUREMEN'r OF TEMPERATURE. 

The first effort to record temj^eratiire for industrial purposes mav 
be said to have been made by the famous potter, Wedgwood, in 
1782. The instrument he devised, which depended upon the per¬ 
manent contraction of clay when subjected to a high temperature, 
remained the standard for nearly a century. 

In 1882 the famous Sevres pottery employed fusible clay to deter¬ 
mine the tcini^ierature necessary to their work. This was perfected 
in 1886 by Seger, who constructed cones of clay of varying compo¬ 
sition with fusing points ranging from 600° to 1800° C. 

The substances which enter into the composition of these cones 
are essentially:' Pure quartz sand; Norwegian felspar; carbonate 
of lime ; Zcttlitz kaolin, consisting of silica, alumina, oxide of iron 
and water. In very fusible cones, oxide of iron, oxide of lead, 
carbonate of soda, and boric acid are added. The less fusible cones 
contain calcined alumina. These cones are extensively used to-day 
and arc supplied by numl^er. The less fusible extend from i to 38, 
this latter corresponding to about 1980° C. The more fusible are 
numbered from oi to 022, the most fusible being at 590° C. 

While these cones are useful for the attainment of any particular 
temperature in a furnace, they can be no guide in maintaining a 
steady temperature, and can be successfully used only in such cases 
where a furnace is carried to the desired point and then allowed to 
cool off. In ceramic industry they are generally used, and before 
firing up, a series of cones is introduced, so that the attainment of 
successive temperatures may be observed by the falling over of the 
tips of the various cones in order of fusibility. 

Other forms of pyrometers, based on the expansion of a gas or 
on the licat imparted to water, have been devised with a certain 
degree of success. With the exception of the ordinary air ther¬ 
mometer, which is limited in range, all the commercial instruments 
are empirical in character. For lower temperatures the mercury in 
glass thermometers is useful, but whenever such instruments are 
used for the higher ranges up to 1000F., they deteriorate rapidly 
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and soon give inaccurate indications. The instruments most gener¬ 
ally used for temperatures up to 2600° F., are based on the thermo¬ 
electric properties of the metals discovered by Seebeck in 1820, and 
applied by Becquerel for temperature work in 1830. Le Chatelier 
made an extended study of the thermoelectric pyrometer and 
showed that pure platinum, when combined with platinum alloyed 
with 10 per cent, of iridium or rhodium, could be used up to 
2900° F. 

These instruments consist of a pair of wires fused together at 
one end for insertion in the furnace and fastened to copper wires 
at the cool end. The connection is made to a galvanometer or milli- 
voltmeter, and the temperature is indicated directly on the scale. 
The correctness of reading depends as much on the cold ends as 
on the hot end, and hence great care must be exercised to have the 
wires of the couple sufficiently long to be away from the influence 
of the furnace. In the case of the Le Chatelier couple this is an 
expensive matter. To obviate this and also the expense attached to 
a chance deterioration of the couple from contact with furnace gases 
or hot metals, Prof. Wm. FI. Bristol offers a nickel-iron couple with 
a patent compensated cold end, which has the advantage of being 
self-contained, unbreakable, and cheap. 

One disadvantage of the thermoelectric pyrometer is in the fact 
that the reading instrument must be calibrated for a certain length 
of connecting wires, which when altered change the indications. 
The instrument is its own battery, and is therefore simpler than 
many others. 

Recording devices are available for the thermoelectric instru¬ 
ments. The galvanometer or millivoltmeter needle, bearing a point 
or pen, moves across a scale on which it is depressed at regular 
intervals of time, thus tracing a dotted curve. 

The electrical resistance pyrometer is extensively used in Eng¬ 
land, and depends on the variation of the resistance of a pure metal 
—such as platinum—with temperature. As originally devised by 
Siemens with a fine platinum coil, the instrument was not success¬ 
ful, and it was not until Callendar took up the matter in 1887 
it was made practical, not only as an ultimate laboratory .standard, 
but as a commercial instrument: It may be said to be at the present 
time the most useful instrument for all classes of temperature work. 
It is limited in its upper range, however, to about 2200° F., beyond 
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which the platinum wire coil volatilizes and permanently changes 
ill resistance. The instrument is based on the well-known Wheat¬ 
stone bridge principle, and requires an external battery. It is very 
nearly independent of battery voltage, however, and is affected only 
l)y currents large enougli to heat the fine wire coil. By the intro¬ 
duction of compensating leads, which parallel the leads running 
from the fine platinum coil to the indicating galvanometer or bridge, 
and which are connected to the opposite arm of the bridge, the read¬ 
ings are independent of the distance between the fire end and the 
reading instrument. 

The indications are obtained on deflecting galvanometers, or on 
wire bridges with direct reading scales. A recording device has 
been obtained by Callcndar which is capable of great refinement. 
It is essentially an automatic Wheatstone bridge. A galvanometer 
with doable contacts operates a right and left hand relay device 
connected with a differential gear operating the galvanometer con¬ 
tact on a bridge wire. The record is traced on a drum by a pen 
attached to the galvanometer contact. The relays move the contact 
always in such a direction as to restore the balance whenever this 
is upset by a change in the resistance of the platinum coil due to a 
change in temperature. Telephone indicating instruments have 
been devised to replace the galvanometer with much success. 

Other forms of pyrometers have been devised, based on the ordi¬ 
nary gas thermometer, such as the older form of Bristol instrument. 
Instruments employing a stream of water flowing through a coil in 
the furnace have been devised in which the difference in tempera¬ 
ture between inflow and outflow gives an indication of the tempera¬ 
ture of the furnace. Such an instrument depends entirely on main¬ 
taining a perfectly steady flow. 

The flow of air through an orifice in the furnace has been util¬ 
ized, the change in the viscosity of air and size of the orifice giving 
the necessary variability of flow upon which the temperature indi¬ 
cations are based. These instruments depend entirely on an em¬ 
pirical calibration. 

In very high temperatures the only satisfactory instruments are 
the optical pyrometers. These are of two classes : those that de¬ 
pend on color estimation, such as the Wanner, and those that depend 
on the measurement of the total radiation, such as the Fery pyrom¬ 
eter. These instruments are coming into very general use and ex- 
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tend ill range from a low red heat up to the temperature of the sun 
itself, 6000*^ C. For the latter instrument, recording devices are 
available similar to those used in connection with the thermoelectric 
pyrometer. The laws of heat radiation are now well known and 
the instruments based on these are found to give exceedingly satis¬ 
factory and reliable indications. 

In general it may be said that for very high temperatures, from 
2200*^ F. upwards, the only reliable instrument is the optical pyrom¬ 
eter. For a commercial instrument reading from 2600*^ F. down¬ 
wards to about 300° F. or 400° F., the thermoelectric pyrometer, 
such as the Bristol, is the most serviceable. For work below 500° 
F. down to the temperature of liquid air, no instrument can com¬ 
pare with the electrical resistance pyrometer. As a standard over 
the whole range of temperature up to 2200° F., the resistance py¬ 
rometer is undoubtedly the best. It is not too much to say that all 
industrial concerns should provide themselves with one of these to 
check the indications of other instruments from time to time. 

Too much attention cannot be given to an accurate knowledge of 
temperature conditions in industrial work, since the success of so 
many processes depends to such a large extent on the attainment 



APPENDIX. 


THE WORKS CHEMIST AS ENGINEER.^ 

All chemical works have, in addition to purely chemical and ex¬ 
clusively manufacturing questions, a large number of engineering 
problems to solve. In fact, chemical manufacture requires quite as 
much attention from the engineering as from the chemical side. 
Very large chemical works can afford to have an engineering depart¬ 
ment, and even smaller works can, and very frequently do, employ 
with advantage a special engineer. Most works, however, under 
present conditions in this country, possess a more or less adecpiate 
staff of analysts and one or more well-trained foremen, but in order 
to grapple with the engineering problems, they rely either on the 
mechanical skill of the average Englishman or on some special talent 
in their works combined with what technical knowledge the average 
chemist can bring to bear on the matter. 

I doubt whether many chemists ever pictured to themselves the 
surprisingly large amount of engineering work and control required 
in an average chemical factory. 

When deciding on material for buildings and plant, the nature of 
the products to be manufactured and the products incidental to 
manufacture have to be carefully considered. The questions will 
arise: Are the raw material, or the finished product, or the efflu¬ 
ents, acid or corrosive, or likely to form dangerous or noxious- com¬ 
pounds under certain conditions ? Are there any special fire or 
(Other risks, which ought to be known to the man responsible for the 
design of the plant or building? Obviously, not every kind of 
brickwork, concrete, or stone, nor any metal will do for every pur- 
po.se, so that the apparatus, pipe lines, storage tanks, and many 
other parts of the plant, have to be considered individually. Thus, 
to take a well-known example, weak sulphuric acid is best contained 
in lead, but strong sulphuric acid in iron. Strong nitric acid can 
be handled in lead, but not so well in iron, whilst a mixture of strong 
sulphuric and nitric acids is safe in iron. Hydrochloric acid in 
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time attacks almost any material, except silicious stone, earthenware, 
and ebonite; hence the latter substance is frecjueiitly used in i)iinips. 
Furthermore, hydrochloric acid scarcely attacks wood, especially if 
the latter is soaked in paraffin wax ; hence on Continental railways 
it used to be carried in wooden tank trucks. Citric acid is one of 
the few substances which attacks silica, so that, for instance, kiesel- 
guhr cannot be used to filter it. Oxalic and tartaric acids cannot 
be evaporated in copper, but in lead only, while pure acetic acid is 
best worked in silver stills. In a similar way the material for the 
flooring has to be carefully selected. 

The roofs require no small consideration. Not only is a roof 
probably that part of a building which costs most for upkeep, but 
the safety of the plant and operations frequently (le])en(ls upon its 
good state, which should prevent rain, sand, or cold draughts to 
enter the building. It is frequently advisable to make the roof 
trusses of such strength as to allow shafting Ijc carried or pidley 
blocks fixed for hauling up materials and apparatus, in very many 
cases pipes and other ducts are best carried across the roof princi¬ 
pals, provided these are not overloaded. 

A very important part of the duties of a manager is the installa¬ 
tion and supervision of the power house, kinch de])ends, of course, 
upon the size of the factory and the (juantity of steam or ])ower 
required. Sometimes strict economy of fuel is ikT of paramount 
importance, though, in most cases, every penny is worth saving, 
because it is conducive to the better suiicrvision of the plant. The 
choice and relative advantages of the various forms of ])rinie mov¬ 
ers, whether steam, water, gas, suction gas, or oil, need not he‘dis¬ 
cussed here. Suffice it to say that any engineering knowledge he 
may possess will enable the manager to discriminate l)ctwecn the 
claims of rival makers and save him much ulterior flisap|)ointment. 
It is rather in the working and upkeep of such j)lant that his knowl¬ 
edge and skill will be of the greatest service. Naturally, in the case 
of a steam plant, fuel and water, and in the case of a gas ])lant the 
coal should be analyzed from time to time and their snitahility and 
value thereby determined. It will be found useful to instal a water 
meter aud keep daily records of the quantity of water eva])oratcd 
and of the amount of coal consumed. An intelligent manager will 
be able to draw therefrom many conclusions with regarrl to the 
working of the factory generally. If he knows how to do it, he will 
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even from time to time test the efficiency of his plant by making 
complete steam trials and thus trace any undue source of loss or 
waste. He must ascertain that his boilers are not given to “ prim¬ 
ing/’ i. c., delivery of wet steam. He will test his flues from time 
to time, or, better still, instal an automatic carbon dioxide recorder. 
Everybody is aware that by the admission of more air a better com¬ 
bustion of the fuel results, but not everybody realizes that by admit¬ 
ting too much air one cools the flues, and gets an irregular draught 
and imperfect combustion. A large economy of fuel can be ob¬ 
tained by simply tarring the brickwork from the outside, thus ren¬ 
dering it fairly impermeable. 

In connection with boilers and engines, a large number of appli¬ 
ances are daily recommended, which are each supposed to effect 
such a saving that, were the totality of them taken, the consumption 
of coal should be practically nil. The fact is, however, that in large 
installations economies are easily effected, whereas in the case of 
single boilers and but little machinery, the attention of a small per¬ 
sonnel has to be devoted to too many appliances at the same time, 
to enable them to effect a saving. 

Automatic stoking and automatic feeding of boilers are very de¬ 
sirable additions to a boiler plant, the more so as one thereby gener¬ 
ally oljtains nearly smokeless combustion as well. Works that can¬ 
not afford such outlay, will do well to go carefully into the c(uestion 
of their grates. It is really surprising how rarely one meets in this 
country with special grate-bars, designed to give a maximum area 
for the admission of air, and yet permitting the use of small fuel; 
very large economies can result from a proper adaptation of grate- 
bars to the nature of the fuel. 

To judge from the relative merits of the many smoke preventers 
on the market requires no mean engineering skill, because although 
the (juestion is really a chemical one, the means to carry it out are 
for the most part mechanical. Some smoke preventers blow air 
through the fire-door over the coal, some under the grate, through 
the coal. Others blow .steam and air over the incandescent coal 
from the front; again, others blow it in from the back of the grate, 
and induce air at the same time. Some have mechanical means to 
gradually close the fire door after coal has been charged, some have 
adjustable louvres, and so forth. It is indeed very difficult for the 
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average chemist to arrive at a decision, even though many makers 
offer to put the plant up on trial, and remove it at their own expense. 

Modern water softeners may be divided into three main classes. 
In the first, the softening medium is added alternately to the water 
contained in two tanks; the contents of one are allowed to settle, 
whilst the purified water is fed from the other. The second system 
is one in which hard water and softening medium are introduced in 
measured quantities, by a tipping arrangement, chain buckets, water 
wheel, or other similar device. In the third class, the mixing is 
effected by means of floats attached to levers, which open or close 
cocks for the admission of hard water and the softening medium in 
their correct proportions. They may, again, be subdivided into 
those in which the reaction between the softening medium and the 
hard water is promoted by heating with exhaust or live steam, and 
those where the work is done in the cold. These may be further 
subdivided into apparatus in which the sludge sejiarates out by pre¬ 
cipitation over baffle plates, and such in which this is effected by 
means of filters. One has to see that no excess of softening me¬ 
dium is carried into the boiler, and that the sludge is efficiently 
removed; further, that the apparatus is easily manipulated, and not 
liable to get out of order. All other things being eciual, the choice 
between rival claims will rest with the apparatus which does the 
work more cheaply. The question of economy docs not, however, 
depend upon the cost of the chemicals per looo gallons of water 
only, more frequently initial outlay and cost of labor being the 
deciding factor. 

Feed water heaters and economizers are also frecjiicnt adjuncts 
to a boiler plant, and require attention. A careful engineer will not 
be satisfied with the mere cleaning of the boiler; he will ])ay proper 
attention to the kind of scale deposited, and learn something, either 
by personal inspection, or from the reports of the boiler inspector, 
about the nature of corrosions in boilers, and the dangers arising 
therefrom. 

A further problem that frequently presents itself is the utilization 
of-the exhaust steam from the engine, or else its condensation and 
subsequent recovery as boiler feed. Exhaust steam can be very 
advantageously used to heat the water in water softeners, and 
thereby be. recovered practically without cost. The cooling of water 
used for the condensation in the absence of an unlimited supply 
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necessitates large towers and pumping plant, which demand further 
attention, space, and capital outlay. 

The next important problem bears on the distribution of steam 
over the works. Although it is a very rare occurrence to find now¬ 
adays steam pipe lines in the open air which are hot covered more 
or less with insulating composition, yet they are very frequently 
found bare inside workshops, it evidently not being realized bv 
everybody how serious a loss in fuel is incurred thereby The dif¬ 
ference even between one insulating material and another is large 
enough to repay a proper study of the Cjuestion. 

A'cry frequently it is necessary to convey steam from the boiler- 
house to a number of separate buildings, and, possibly, very large 
distances have to be traversed. If the steam-pipe is a very large 
one, and a number of other pipes for compressed air, water, and 
perhaps also electric light leads, have to be carried to the same build¬ 
ing, then it pays very well to have either a regular bricked trench 
accessible through manholes, floor plates, or otherwise, or even a 
passage sufficiently roomy for a man to walk through. In this case, 
it will be ]X)ssible to rest the steam pipes on proper brackets or 
bases, provided with rollers and ex])ansion joints. If, however, the 
steam has to be carried in one or several pipe lines of small diameter 
(say up to about 2 ins.), it will be simpler to carry them above 
ground on trestles. Whilst it is quite possible to carry such pipes 
on rollers, expansion joints are not suitable, because the pipe is apt 
to give way in many places, and then the whole arrangement for 
taking up the expansion of the metal may fail. 

The ([ucstion of steam distribution brings us to the problem of 
collecting the condensed steam. As this represents a source of sup¬ 
ply of the j)urest water, every drop of it ought to be collected for 
the boilers. Such water does not condense in the steam pipes only, 
but to a much larger extent in apparatus for boiling and concen¬ 
trating liciuids. A judicious use of properly acting steam traps, and 
some expense on covering material, will save a great deal of money. 
When there arc a series of boiling apparatus, such as steam pans, 
to be supplied with steam, the pressure of the steam must nearly 
always be reduced, so that its temperature may not exceed the boil¬ 
ing point of the liquid in the pan, or in order to conform to other 
conditions. A really good reducing valve is rare, and the best is 
useless if not properly attended to. Non-return valves must be 
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attached to the steam traps, as otherwise a single leaky one may 
prevent the whole of the pans from working i)roiicrly. 

Of steam engines the varieties are legion. Aly advice is take the 
best that money can buy, one that has every ])ossible improvement 
for its size, and is made from the best material and in the best style 
possible. To have no trouble with repairs, not to have to stop just 
when everything works smoothly is alone worth a great deal, cjuite 
apart from the fact that the best steam engines rci)ay the larger 
outlay simply by their constancy and economy in working. I do 
not intend to deal with the respective merits of gas engines, oil 
engines, steam engines, steam and water turbines, etc. I can only 
repeat—buy the best, and to the chemist my advice is: Learn to 
understand your plant and to know all a1)out it, so that you need 
not rely upon the sometimes fanciful reports of an engine driver. 

The proper lubrication of engines, shafting, and bearings does 
not merely depend upon an ample supply of lubricant, l)ut tlic chem- 
i.st should also keep his eye on its chemical nature and on economy. 
It has happened in my own experience that cylinders and pistons of 
very fine steam engines were badly scored, and blame was put upon 
the chemicals used in softening water for the boilers. My suspicion 
that the lubricant was acid was promptly confirmed 1)y chemical 
examination. 

The transmission of power from one building to another is, again, 
a constantly occurring problem, and one that is not always judi¬ 
ciously solved. Few people arc aware that as much as 40 per cent, 
of power can be wasted in defective shafting and gearing. A very 
efficient means of transmitting ])Ower at an angle was provided by 
me some time ago in a place where a pair of bevel wheels was so 
badly worn, and the lines of shafting so badly laid that the ])uihling 
was constantly shaken and a great deal of noise ])roducerl, not to 
speak of the enormous loss of power. This angle-drive is con- 
.structed for transmitting 40 horse ])ower. One of the largest mak¬ 
ers of .shafting was asked to su])])ly it, but he did not think it could 
work, and it was only after he had consulted a jirofessor of engi¬ 
neering, who gave him some hope, that he carried out the order. 
This is now some years ago, and the transmission has never stood 
still since. In making such an angle-drive care has to be taken 
that the points at which the belts leave the pulleys are exactly above 
each other, as otherwise the belt will fall off. This arrangement 
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will transmit power in one direction only for any given arrange¬ 
ment of the pulleys. 

It is, of course, very rarely possible to transmit power from one 
house to another by means of belting. Sometimes very long ropes 
have to be used, and the amount of sag then necessitates very high 
and strong supports for the pulleys. Both in this case and when 
the power is transmitted to an adjacent building by means of a con¬ 
tinuation of the shafting ( either underground or above ground), a 
good deal of attention in laying out as well as in keeping up such an 
arrangement is reciuired to prevent a serious loss in efficiency, 
hdectrical transmission is very frequently the best and most eco¬ 
nomical solution. This at once brings before us the question of 
lighting a factory. Great care has to be bestowed on this point in 
some works, where serious responsibility is attached to any fault in 
this direction. If an electric installation is provided, advantage may 
be taken of it to transmit power to distant parts of the factory, to 
drive fans in otherwise inaccessible places, to supply delicate heat¬ 
ing arrangements, or even for electrolytic work. 

klany engineering details require to be attended to in connection 
with the handling of liquids. The pumping of liquids from one 
a])])aratus for use in another is almost a study in itself. Whether 
steam- or belt-driven, ])lunger or centrifugal, pulsometer or mem¬ 
brane pumps should be used, or whether delivery of a liquid should 
be effected by means of elevators (montejus), and of what material 
these ])umps and the pipe lines should be made is rarely a matter 
of indifference. In this connection fans for carrying away fumes, 
for imi)roving the draught (as in the manufacture of sulphuric and 
nitric acids), for supplying air to a drying room, and for many 
other purposes are worthy of mention. How difficult it sometimes 
is to do the right thing may be illustrated by a few examples from 
actual experience. A plunger pump refused to work with a hot 
volatile liquid until an air-vessel was interposed, wherein the vapor 
could condense. A pulsometer placed into a narrow unventilated 
hole could only be brought to work after the place had been ren¬ 
dered cool by proper ventilation. A number of acid elevators, made 
of cast iron, one and a half inches thick, burst at short intervals 
under thirty pounds pressure, although they had been tested up to 
150 pounds; on investigation the cause was found in that long pipe¬ 
lines going to a higher level were fitted to these elevators, and that 
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a bend at the end of the line favored water-hammer action. Both 
in this country and in America, aluminium fans, pipes, etc., in con¬ 
nection with nitric acid, are coming more and more into use, whilst 
in Germany, and also in this country, earthenware fans and centrifu¬ 
gal pumps are preferred in acid works. 

The supervision of effluents, both liquid and gaseous, recfuires 
considerable care. The choice of proper culverts, gutters, or pipes, 
depends frequently on the nature of the effluent, and when liquid 
effluents are sent into a sewer or a watercourse tests have to be 
made, sometimes for considerable distances, to avoid trouble with 
local authorities and interested parties; arrangements may also have 
to be provided for catching suspended matter, precipitating impuri¬ 
ties, or for rendering the effluent clear or pure before admitting it 
into a watercourse. 

Compressed air and vacuum pumps are important factors in chem¬ 
ical works. Both kinds are similar in construction, but the effi¬ 
ciency varies very much from maker to maker. Whilst in the case 
of an air compressor a proper volumetric efficiency must be de¬ 
manded, and may be obtained if reasonable care is taken, the baro¬ 
metric effect is all-important in selecting a vacuum pump. Some 
processes are now so well regulated that a difference of a few milli¬ 
meters in the vacuum entails considerable loss of time and cost. 
Some works are already demanding a guarantee for a vacuum of 
two millimeters with very large pumps, and, what is more, they get 
even one eighth millimeter. Reservoirs for storing compressed air 
and allowing it to cool are better not left alone, as usual, because, 
apart from condensed water, there have been explosions in such, 
and also in pipe lines, which were found to be due to hydrocarbons 
from the lubricant. 

In addition to having so much detail work to attend to in the 
factory generally, the works chemi.st requires still further engineer¬ 
ing knowledge of his plant. Mr. George Beilby, F.R.S., gave us, 
in 1899, a long list of apparatuses required in chemical work. Clf 
course, the chemist is rarely called upon to construct an a])paratus 
or a machine, but he must have a working knowledge of those in 
regular use for all kinds of operation, and if he invents a new 
process, then he should be able to indicate his recjuireme'nts for work 
on a large scale. Like Mr. Beilby, T, too, wish to em])hasiy.e most 
strongly that “ works operations are not simply laboratory opera- 
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tions writ large.” It is frecjuciitly easy to indicate a new process 
by small operations in the laboratory, but when the chemist is called 
upon to reproduce the process on a large scale, then far more real 
inventive genius is required to design the plant for its manufacture, 
and it may take months before all the difficulties are overcome and 
the process begins to pay, if indeed it does at all. It is, therefore, 
useless to teach chemical technology with the help of beakers and 
test-tubes. A striking example was shown recently, when candi¬ 
dates in an examination were asked to sketch out a filter for con¬ 
tinuously filtering a hot liquid. Every one of the candidates showed 
a steam-heated funnel, and only one had the additional notion, that 
for continuous work on a large scale a filterpaper might prove im¬ 
practicable, and therefore devised a sand filter. With better expe¬ 
rience it would, however, have occurred to them, that a filter is not 
necessarily round as it is in the laboratory, and that a number of 
rectangular filter papers placed over suitably shaped steam or hot- 
water compartments might allow of large quantities being dealt 
with quickly. 

It is useless to ask the average engineering works to advise on 
all possible plant, since only very large works have a sufficient num¬ 
ber of experienced engineers for every purpose. On the other hand, 
it is always possible to find such works that make a specialty of 
certain machines and apparatus, and their experience is, of course, 
valuable. It is in the construction of apparatus, and appliances for 
chemical processes, involving no mechanical arrangements, like 
plain stills, evaporating pans, lead, cooling and heating tanks, even 
vitriol chambers and towers and the like, that the chemist will find 
his engineering knowledge useful. 

Similarly intelligent attention must be given to the methods of 
heating. Regenerative firing or “ plus pressure ” in a salt cake 
furnace, overhead firing in sulphuric acid concentration or evapora¬ 
tion of liquors, firing with water gas or producer gas, heating by 
ordinary or superheated steam, under pressure or in vacuo, boiling 
in an oil or lead bath, evaporation by waste gases, calcining, roasting 
and many other processes of heating all are beset with problems 
for the chemist and the engineer. An example may be taken as an 
illustration. In a furnace a series of vessels for the concentration 
of sulphuric acid were to be heated by producer gas, the flames play¬ 
ing all round them. Up to a certain degree of concentration all 
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went well, but beyond that no amount of gas burned produced fur¬ 
ther concentration. Consideration showed that as producer gas 
contains about 20 per cent, of hydrogen, the products of combus¬ 
tion were quickly saturated with water vapor, and then their vapor 
tension was the same as that of the vapors escaping from the acid. 
When the gas producer was replaced by a simple regenerative coke 
furnace, the concentration proceeded smoothly. 

The condensation of gases, or their absoqition in lic[uids, the dry¬ 
ing of pasty or dusty materials, or of such that must be dried at a 
certain low temperature, and the recovery or the rendering harmless 
of gases driven off, the filtering of cold and hot, acid and liasic 
liquids, etc., are again processes applied in so many variations and 
from the largest to the smallest scale, that I need only point to them 
as constantly requiring engineering skill and attention. 

It serves no further purpose to go on enumerating the many 
every-day operations in chemical manufacture, each one of which 
requires engineering as well as chemical knowledge. A most im¬ 
portant duty must, however, not be overlooked—economy. To have 
wonderful and fanciful apparatus constructed, to use the most ex¬ 
pensive materials, and to let them be made with the greatest care, 
is easy; to devise apparatuses, that cost no more than the process can 
stand, and that will give no trouble in working, is more difficult; but 
to make them give the best results at the least cost requires that the 
chemist must be able, as Mr. David Howard ex])rcsscd it so tersely, 

to think in tons.” But, even apart from construction and work¬ 
ing what a large field has a chemist in which to show his talent for 
economy! I haye known a factory where three men were deputed 
to pick up every nail, every piece of wood or sacking or other waste 
material that had been thrown about by careless men under careless 
supervision in past years, and their two days’ haul brought (juitc a 
large sum of money. I have known others where faulty air com¬ 
pressors required almost daily renewal of valves, where the number 
of leaky steam valves and water cocks found on the sera]) heap was 
more than a hundred, where the steam wasted through leaky joints 
caused considerable nuisance at considerable expense, and yet all 
these could have been prevented or repaired at a small weekly cost, 
and the waste material made useful again. A chemist can in a hun¬ 
dred and one ways make himself highly valuable 1)y looking after 
little engineering details, and he will become still more useful by 
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being able to look after the building of small works railways, the 
provision of lifts, the erection of storage tanks for liquids of all 
kinds, the care of packing materials, like carboys and casks, the 
safety of the factory and workers against fire and accidents, and 
many other things. 

After having, much to my gratification, patiently listened to this 
long syllabus of possibilities for a works chemist to act as engineer, 
you will, no doubt, be inclined to ask where the heaven-born genius 
should come from who can do all that work. To perform all these 
functions thoroughly reciuircs a well-trained engineer with a large 
experience in chemical works, and, as Mr. Paton once explained, not 
merely a superior mechanic. It is useless, therefore, to expect a 
chemist to undertake all such work. On the other hand, a works 
chemist ought to possess an adequate knowledge of chemical tech¬ 
nology to enable him to understand all kinds of plant, to give proper 
instructions to the artisans in the works, to confer with specialists 
in case of improvements, and to settle details with them, as well as 
to work the ])lant afterwards. 

In these days of great competition and scientific progress, a fore¬ 
man, risen from the ranks, will only very rarely be able to act as a 
works manager. True, a number of men are still with us, who 
have worked hard to gain scientific knowledge, and to combine it 
with their practical experience. Such men have been amongst the 
founders of the enormous chemical industry of this country, and 
we are proud of those still working and those coming on. The 
future, however, belongs to the chemist who has gained practical 
experience as foreman of a department, and combines therewith a 
good engineering knowledge. Such a chemist ought to be properly 
trained, and that cannot be done with young men who come to col¬ 
lege imperfectly prepared, and certainly not in three years, as pre¬ 
scribed at present; there ought to be another year added, so as to 
teach more mechanics and physics in the beginning and to give a 
proper course of chemical technology in the end. 

Now there is only one thing more wanted, and that a most im¬ 
portant one, namely, that manufacturers should realize that a works 
chemist is not solely an analyst, but a highly useful practical tech¬ 
nologist, who, given a little confidence, will in a short time repay 
his salary many times over, and make them wonder that they could 
ever have done without him. And, after all, most chemical ivorks 
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are nothing but huge shops full of machines, which in monotonous 
sameness grind away at well-established processes, where there is 
little work for the pure chemist, but a great deal when he also has 
good engineering knowledge. 

We have heard too much about the many chemists engaged on 
research in the large color works of Germany. Highly valuable as 
they are, and important as their discoveries were, the German chem¬ 
ical industry is infinitely more indebted to that far greater number 
of works chemists who patiently and thoroughly investigated the 
manufacturing processes, who had the ability to devise improve¬ 
ments and economies, and who found generous manufacturers and 
their college-trained sons to give them their confidence. It is on 
these lines that we must progress. 



INDEX 


The luimbers refer to pages. 


A 

Absorbing hydrofluoric acid gas, 243 
Acid proof cast iron, 94 
Aero pulverizer, 139 
Agitator, 150 

steam jet, 152 
Air compressor, 120 
conditioning, 284 
jet lift, 98 

Ammonia, concentrating, 260 
washer, 241 

Apparatus, dissolving, 216 
Aprons, 77 
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Ball mills, 132 
Belt conveyor, 81 
Blast nozzle, 109 
Blocks, 93 

Blower, positive pressure, 123 
steam jet, 106 
steel pressure, 114 
tur])ine, 115 
volume, 116 

Boiler plant, producer gas fired, 159 
tester, 32 
P>oilers, 16 

Brick kiln, producer gas fired, 168 
Brown roaster, lyi 
Bruckner roaster, 172 
Burner, oil, 190 
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Calcining, 183 
Calorimeter, throttling, 30 
Carrier, horizontal runs of, 8l 
open top, 70 
platform, 73 
vertical, 71 
Cars, 02 

Cast iron, acid proof, 94 
Centrifugal separators, 203 


Chain, Dodge, 84 
Ewart, 83 
Ley Bushed, 88 
Maximum, 89 
Monobar, 86 

Chains, power transmitting, 8 
Channels in lilter presses, 
Chaser, 129 
Chilean mill, 130 
Chimney ventilator, 109 
Chimneys, 123 
Coal firing, 189 
washeries, 224 
Cocks, 4 
flap, 200 

Combustion of producer gas. 
Compression, gas engine, 47 
Compressor, air, 120 
gas, nr 

Concentrating ammonia, 260 
table, 226 
Condensers, 262 

with automatic discharge 
267 

eductor, 263 
induction, 265 

Condensing foul vapors, 243 
Conditioning, air, 284 
Converter, copper, 182 
Conveying, 70 
Conveying, coal, 77 
chains, 83 

Conveyor, apron, 73 
rotary, 73 
screw, 72 
steam jet, 92 
Conveyors, belt, 8r 
Cooler, gas, 237 
Cooling towers, 269 
Copper furnace, i8r 
Covering, i 
Crushers, coal, T41 
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Crushers, gyratory, 126 
jaw, 127 
open door, 127 
Crushing rolls, 127 
Crutcher, 24S 

Crystallization, separation by, 211 
Cycle, gas engine, 46 
Cylinder, steam engine, 38 

D 

Decantation tank, 217 
Decanting, separation by, 215 
Destructor, refuse, 183 
Digesters, 218 
Discharging device, 133 
Disintegrator, 128 
Disk wheels, 119 
Dissolving apparatus, 216 
separation by, 215 
Distillation, vacuum, 261 
Distilling, 259 
ammonia, 260 

Drive chain, roller type, 92 
Drying, 270 

channels, 273 
and impregnating, 281 
Dryer, cylinder, 274 
vacuum, 275 

Dryers, rotary vacuum, 278 
safety, 282 
shelf, 276 

Dust removing, 234 


Evaporator, for producer, 53 
stoneware, 244 
for superheated steam, 251 
Swenson, 255 
Vary an, 252 
Zaremba, 255 
Exhaust, gas engine, 46 
Exhausters, steam jet, 110 
steel plate, 118 
Expansion, gas engine, 46 
joints, 3 

Extension valve rod, to 
Extraction, separation by, 211 
Extractor, tar, 238 
Extractors, 212 

F 

Fans, acid proof, 114 
gas cleansing, 232 
steel plate, in 
Feed water, heating, 21 
Feeder, apron, 77 
reciprocating, 83 
Feeding device, 133 
Filter, 33 

presses, 194 
sectional pressure, 35 
vacuum, 205 
washing, 35 
Filtering material, 205 
Firing, ^155 

Flush plate and frame filter press, 
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Gases, purification, 230 
separation of, 230 
transportation of, 106 
Gaskets, 3 

Governing, gas engine, 48 
Grates, shaking, 189 
Griffin mills, 135 
Grinding machines, 126 
Group method, 63 
Gyratory crushers, 126 

H 

Hartz jig, 221 
Heater, noiseless, 269 
Herreshoff roaster, 175 
Hoists, 93 
Hot l)last stove, 182 
Hydraulic presses, 2io 

I 

Ignition, gas engine, 48 
Impregnating, 281 
Incrustation, 27 
Industrial railways, 92 
Injectors, 94 

J 

Jacks, 03 

Jaw crushers, 127 
Jigs, 221 
Joints, 4 

K 

Kent pulverizer, 137 
Kettle, high jacketed, 247 
rectangular, 247 
steam jacketed, 245 
Kneading machines, 142 
Kominuter, 134 

L 

Lead furnace, t8o 
Lifts, air jet, 98 

Lime kiln, producer gas fired, 161 
Liquids, mixing of, 150 
transferring of, 96 
transportation of, 94 

M 

McDougall roaster, 173 
Measurement of temperature, 287 
21 
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Mill, ball, 132 
Chilean, 130 
Fuller Lehigh, 136 
Griffin, 135 
Raymond, 138 
stamp, 128 
stone, 130 
tube, 133 

Mixing of gases, 151 
of liquids, 150 
machines, 142 
Moisture tests, 29 
Monte jus, 99 
gas, Tii 

IMotors, electric, 60 
Muffle furnace, producer gas fired, 
166 

N 

Noise, obviating, 108 
Noiseless heater, 269 
Non-conductors, i 
Nozzles, 233 
blast, 109 

O 

Oil burners, 190 
engines, 49 
firing, 190 

Open door crusher, 127 
Overtime work, 67 

P 

Packing, i 
metallic, 2 
spiral, 2 

Pan, vacuum, 250 
Power, transmission, 64 
Press, three chamber, 200 
Presses, 208 
Pressure filter, 208 
producer, 55 

Producer gas, combustion, 167 
fired boiler plant, t 59 
brick kiln, 168 
lime kiln, 161 
muffle furnace, 166 
reverberatory furnac 
162 

firing, T 55 
pressure-, 55 
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Producer, suction-, 51 
Pulverizer, aero, 139 
Kent, 137 

Pumps, mechanically driven, loi 
steam jet, 95 
turbine, 102 
vacuum, 121 

Purification of gases, 230 
Purifier, sawdust, 54 

R 

Radiation, protection from, i 
Raymond mills, 138 
Recessed filter press, 195 
Refuse destructor, 183 
Regulating steam engines, 39 
Removing ammonia, 241 
Reverberatory furnace, 171 

producer gas fired, 162 
■ Roasting furnaces, 171 
Roller, enclosed-oiling, 78 
Rolls, crushing, 127 

S 

Sand washing, 228 
Scale, 27 
Scales, 142 
Screens, 220 
Screw presses, 208 
Scrubber, 53 

Zschocke, 231 

Separation by crystallization, 211 
by decanting, 215 
by dissolving, 215 
by eluting, 215 
by extraction, 211 
by freezing, 214 
of gases from gases, 241 
of gases from liquids, 236 
of gases from solids, 230 
by settling, 214 
by sublimation, 214 
Separator, dust, 235 
vacuum, 236 

Separators, centrifugal, 203 
Settling, separation by, 214 
Shaking grates, 189 
Shaft furnaces, t8o 
Sizing, 220 
Smelting, 177 


Speed, constant, 66 
Spray-cooling, 268 
Stamp mills, 128 
Steam engines, 37 
jet blower, 106 
jet exhauster, no 
superheated, 23 
traps, 13 
turbines, 40 
Stetefeldt roaster, 172 
Stoker, 189 
Stones, Ruhr, 132 
Esopus, 132 
Stone mills, 130 
Stove, hot blast, 182 
Sublimation, separation by, 214 
Suction producer, 51 

producer, starting, of, 54 
Sulphur furnace, 177 
Sulphurous acid plant, 153 
Surface of filter plates, 200 
Syphons, 95 
Syphon, lead, 96 

T 

Table, concentrating', 226 
Tank, decantation, 2 7 
Tar extractor, 238 
Temperature, measurement of, 287 
Three chamber ])ress, 200 
Transportation of gases, ro6 
of liquids, 94 
of solids, 70 
Tube heater, 22 
mills, 133 

Turbines, steam, 40 
Turbine wheel, 45 
Turn tables, 92 
Twin extractor, 213 

V 

Vacuum distillation, 261 
dryer, 275 
filter, 205 
pump, 121 
separator, 236 

Valve, automatic stop check, 7 
balanced, 8 
balanced trip, 9 
butterfly, 10 




